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AIpha-2-MacrogIobuIin Therapies and Drug Screening 
Methods for Alzheimer's Disease 


Background of the Invention 

Field of the Invention 

This invention relates to the field of medical genetics. More speciflcai.y 

o. screening for therapeutic agents for Aimer's disease that arc based on 
affecting alpha-2-macrogIobulin function and expression. 


Related Art 

^^^disease^isadevast^ingncurodegenerativedisorderftat 
affects more than 4 miHion people per year in the US (Dobeli, H., A*, Biotech 
»■ 223-24 (,997)). ,tis the ma jor fonr, of dementia occurring in mid to late life- 
approximated »«%of individuals over 65 yea, of age, and approximately 40"^ 
of md.viduals over 80 years of age, are symptomatic of AD (Price, D. L.. and 
Sisodm, S. S., Ann. Rev. Ncurosci. 2//479-505 (1998)). 

The firs, recognized clinical symptom of AD is usually the loss of short- 
tcnn memory (Schc.lenberg, G.D., Hoc. AW. Acad. Sci. USA P28552-559 

(1995)). O.hereommo„sy m p tol „ s incl u dcabnor m aliud g eme„ta 11 d behavior and 
•Whculiy wi[h , anguaeC) orientationi prob]em soivjng> ca]cuja(ions ^ 

wsuospacial perception (Price, D. L„ and Sisodia, S. S„ Ann. Rev Neurosci 

2y,479-505(,99S);Sc.K,le„ber e ,G.D.,/ ) , o ,AW.,icW. & /.^P2 8552-559 
(1995)). Ihesesymptomsofte, worsen until cognitive function is almost entirely 
lost, and the patient cannot function independently (Schellenbcrg. G.D Proc 
Nad. Acad. Sci. USA P2.S552-559 (1995); Price, D. L., and Sisodia, S. S Ann 
A* Mcurcci. 27,479-505 (1998)). B y late stages of the disease patients 

^callyjackvcrbalabili^cannotrecognizepeop^andareincontinentandbed- 
i^^lf^^ Neurosci. 27.479-505 (1998)- 


Sloanc. P. Q., Am. Family Phys. 5S: 1577-86 (1998)). 
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Known risk factors for AD include age, genetic predisposition, abnormal 
protein (P-amyloid) deration in the brain, and certain environmental factors such 
as head injury, hypothyroidism, and a history of depression. The majority of AD 
patients do not exhibit symptoms until their seventies (Price, D. L., and Sisodia, 
S. S.,Ann. Rev. Neurosci. 2/.479-505 (1998)). However, individuals who have 
inherited particular genetic defects often cxhihil symptoms in midlife (Price, D. L., 
and Sisodia, S. S.,Ann. Key. Neurosci. 2/.479-505 (199S)). This'latter type of 
AD, called early-onset familial AD (FAD), accounts for 5- 1 0% of AD cases, and 
has been linked to defects in three different genes, API', PSENI, PSEN2 (Blacker. 
D. and Tanzi, R. E., Archives oj Neurolo® 55:294-296 (1 99X)). Mutations in 
these genes lead to increased production of thcamyloidogenic P-amyloid peptide 
(AP) (Citron, M., el al. Nature Medicine 5:67-72 (1997); Suzuki, N., et at., 
Science 2tf-/:1336-I340 (1994)). 

The most prevalent form of AD, called late-onset AD (LOAD), accounts 
forap P roximatcly90»/.ofADcases,nndhas been genetically linked to ^0£ a „d 
LRP(K mg ,D.E.,eiaL Neurology 4P:56-6I (1997);Kounnas.M.Z., e /<7/.. Cell 
«:33 1-340 (1995)). Recently, another gene, the alpha. 2 -macroglobuIin gene 
1A2MI, was found to be linked to LOAD (Blacker, D., et al. Nature Genetics 
/?:357-360 f 1998)). Carriers of a particular mutation in ,av/u,-re discovered 
to be at increased risk of AD. This mutation is a pentnucleotide deletion at the 
5' splice site of the second exon encoding the bait region of alpha-2-macroglobuIin 
(a 2 M), and is referred to as the,12A/-2 genotype. The^2A/-2 genotype is present 
in 30% of the population (Blacker, D., e, al., Nature Genetics /P.357-360 
(1 99S)). The A2M-2 pentnucleotide deletion is a predisposing factor for AD. 

Presently, there is no cure for AD on the horizon and its incidence is 
increasing as the population ages (Price. D. L.. and Sisodia, S. S., Ann. Ke^^ 
Neurosci. 2/.-479-505 (1998)). Due to the lateness in life of the onset of AD 
symptoms, the ability to delay onset by as little as 5 years could decrease the 
number of AD patients by as much as 50% (Marx, J., Science 275:50-53 (1996)). 
With the large number of people already affected, and projected to be affected by - 
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Therapeutic agents based on predisposing factors of AD might be able to 
prevent, delay or slow progression of the disease. However, presently, available 
treatments arc primarily aimed at treatment of the symptoms of the disease (En?., 

A.,Xlassesofdru gS ,"m:Pha m acotherapyofAlzheimer'sDi S ca S c,Gauthier.S.,' 
ed., Martin Dunitz, publ., Maiden. MA (1998)). These AD drugs ofTer only 
modest success, and at most, merely slow the progression of the disease 
(Delagarza, V. \V.,Am. Family Phys. 58: 1 175-1 182(1998); Enz, A., "Classes of 
drugs," in: Pharmacotherapy of Alzheimer's Disease, Gauthier, S.. ed.. Martin 

Duni t2) publ. > Malde U ,MA(1998 ) ). P rcsc 1 ulva PP rovedandinvcstigati 0n aldrugs 
for treating AD can be characterized as those whose actions enhance 
neurotransmitter effect, or those believed to protect neurons (Delaga,^ V Am 
Family Phys. ^,1 175-1182 (1998)). The mosl w „ knmvn d „ lgs .„ ^ 
category are the cholincsterase inhibitors, such as tacrine (CognexTM) and 
doneprezil (Aricept™), both of which have been approved by the PDA 
(Delagarza, V., A,,, Family Phys. .56M175-U82 (1998): .Sloan, P.. Am Family 
Phys. 5*. 1577-1586(1998)). Tacrine and doncprczil are only modestly effective 
(Sloan, P., Am. Family Phys. 56': 1 577-1 586 (1998)), a „d are associated with 

im P lea S amsideenectsincIudingnau S eaandvomitingPclagarza.V.^ WI F fl ^ 
P*ys. 56V, 175-1,82 (1998,). ScvcraI neilro . pro[ec(ivc dnjgs m ^ 

nnestigationforthetreaUnentofAD.includingestrogcn.vitaminE.selegilmea.td 
non-steroidal anti-inflammatory drugs (NSAIDs) (Sloan. P., Am. Family Phys. 
55.1577-1586 (1998); Delagarza, \'.,Am. Family Phys. 58: \ 175-1 182 (1998)). 
None of these drugs have been approved yet for the treatment of AD, and each 
has significant drawbacks, including negative side-effects, or association with 
increased risk of other diseases. (Sloan, P., Am. Family Ph ys . 55.1577-1586 
(1998); Delagarza, V.,Am. Family Phys. 5S:l 1 75-1 182(1998); En Z , A., "Classes 
of drugs," in: Pharmacotherapy ofAlzheimer's Disease, Gauthier, S.. ed., Martin 
Dunitz, publ., Maiden, MA (1998)). 

Thus, there is a need for new AD therapeutic agents, especially those 
based on predisposing factors of AD. In addition, there is a need for drug 
-screening-systems to aid-indevelo P ing ihesc-therapemicagents: 
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Summary of the Invention 
10 Based on ^ fmdin & described herein, lhat the A2M-2 deletion leads to 

the production of altered *M RNA transcripts and proteins, strategies aimed at 
replacing or supplementing normal aj M function and activities, and/or at 
15 5 suppressing defective a 2 M function in the brain may serve as a means for 

therapeutically preventing, treating, or even reversing AD neuropathogenesis. In 
addition, these strategies may be useful for treating other pathologies associated 
with defective o,M function. Moreover, methods described herein may be used 
20 '° SCfCCn lor ,hcsc therapeutic agents. Thus, the invention provides for new 

therapeutic agents for AD, for pharmaceutical compositions containing these 
therapeutic agents, for methods of using these therapeutic agents, and for methods 
of screening for these thcrapcuiic agents. 

The first aspect of the invention is to provide for a therapeutic agent for 
Alzheimer's Disease, where the agent can replace or supplement a2M function, 
or can suppress the expression of A2M-2. A molecule lhat can bind to A p and to 
LRP may be able to promote clearance of Aft tough LRP mediated endocytosis. 

Titus, one embodimentoftheinvcntionisananti-LRP-APmoleculehavinganAp 
binding domain, and an LRP binding domain. In a preferred embodiment of the 
35 invention, this molecule is a peptide. 

In one embodiment of the invention the peptide isan anli-LRP-Ap peptide 
having an Ap binding domain composed of 1 0-50 contiguous residues of SEQ ID 
NO:6 ; and an LRP binding domain comprising 10-50 contiguous residues of SEQ 
ID KO:8, which encompass residues 1366-1392 of SEQ ID NO:8. In another 
embodiment of the invention, the ami-LRP-AP peptide has an A p bindingdomain 
2> with an amino acid sequence selected from the group consistingof SEQ ID NO:6, 

45 SE Q 10 N0:12 . ^Q ID NO:16, SEQ ID NO:18, SEQ II) NO:20, SEQ ID 

NO:22, SEQ ID NO:24. and SEQ ID NO:26; and an LRP binding domain 
composed of the amino acid sequence of SEQ ID NO: 10. In yet another 

embodimentofthcinv e ntion,theanli-LRP-Ap P ep.idehasanApbindingdomai„ 
^with an amino acid sequence selected from the group consisting of SEQ ID 

NOn2rSEQTI)-NOTr6rSEy^D-NOTr87SnQlD-NOT207SEQ-ID-K'O72TSEQ 
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ID NO:24, and SEQ ID NO:26; and an LRP binding domain composed of 1 0-50 
contiguous residues of SEQ ID NO:8. 

The AP binding domain may be connected to the LRP binding domain of 
the anti-LRP-Ap molecule by a covalent bond, linker molecule, or linkerless 
polyethylene glycol. In a preferred embodiment, the Ap and LRP binding domains 
are connected by a peptide bond. In another preferred embodiment of the 
invention, the Ap and LRP binding domains are connected by a peptide composed 
of 1-20 glycine residues. 

In another embodiment, the anti-LRP-Ap peptide has the amino acid 
sequence of SEQ ID NO: 1 4. Alternatively, the anti-LRP-AP peptide has an Ap 
binding domain having an amino acid sequence selected from the group consisting 
of SEQ ID NO:6, SEQ ID NO: 12. SEQ ID NO:16, SEQ ID NO.IS, SEQ ID 
NO:20, SEQ ID NO:22, SEQ ID NO:24, and SEQ ID NO:26; an LRP binding 
domain having the amino acid sequence of SEQ ID NO: 10; and a linker 
connecting the AP binding domain to the LRP binding domain. 

In addition, the invention provides for pharmaceutical ly acceptable salts 
of the anli-LRP-AP peptide and fornuclcic acidntoleculeseneuding theanti-LRP- 
Ap peptide. 

Another embodiment of the invention relates to a nucleic acid molecule 
encoding an ami-LRP-p peptide, where the Ap binding domain is encoded by 30- 
150 contiguous nucleotides of SEQ ID NO:5, and the LRP binding domain is 
encoded by 30-150 contiguous nucleotides of SEQ ID NO:7. In another 
embodiment of the invention, the region of the nucleic acid molecule encoding the 
AP binding domain has a nucleotide sequence selected from the group consisting 
of SEQ ID NO:5, SEQ ID NO: 1 1. SEQ ID NO:15, SEQ ID NO:l7, SEQ ID 
KO:19, SEQ ID NO:21, SEQ ID NO:23, and SEQ ID NO:25: and the region 
encoding the LRP binding domain has the'nueleotide sequence of SEQ ID NO:9. 
In yet another embodiment of the invention, the region of the nucleic acid 
molecule encoding the Ap binding domain has a nucleotide sequence selected 
from the group consisting of SEQ ID NO:l 1, SEQ ID NO:15, SEQ ID NO:l7, 
SEQ-ID-NG:19^SEQ-ID-N0:21 r SEQ-ID-N0:23^and-SEQ-ID-NO.•25:-and-the , 
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region encoding the LRP binding domain is encoded by 30-150 contiguous 
nuclcotidesofSEQIDNO:7. In another embodiment ofthe invention, the nucleic 
acid molecule has the nucleotide sequence ofSEQ ID NO:13. 

The region encoding the Ap binding domain may be connected to the 
region encoding the LRP binding domain of the nucleic acid molecule by a 
phosphodiesler bond. Alternatively, these regions may be connected by a 
nucleotide encoding a linker peptide. Li a preferred embodiment of the invention, 
the connecting nucleotide encodes 1-20 glycine residues. 

In addition, the invention relates to nucleic acidmolecules having at least 
95% homology to these nucleic acid molecules. 

Another embodiment of the invention relates to a nucleic acid molecule 
that is a first polynucleotide that hybridizes to a second polynucleotide that is 
complementary to the nucleic acid molecules described above. In another 
embodiment ofthe invention, the nucleic acid molecule is a first polynucleotide 
that hybridizes to a second polynucleotide that is complementary to the nucleotide 
sequence of SEQ II) NO.13. In yet another embodiment ofthe invention, the 
hybridizing conditions for the hybridization of the first and second polynucleotides 
are as follows: (a) incubate overnight at 42°C in a solution consisting of 50% 
formamidc, 5x SSC. 50 n,M sodium phosphate (pH 7.6), 5x Dcnhardfs solution. 
1 0% dextran sulfate, and a 20 ^g/ml denatured, sheared salmon sperm DXA; and 
(b) wash at 65'C in a solution consisting of O.lx SSC. 

A related embodimeni or the invention is a pharmaceutical composition 
containing an anti-LRP-Ap molecule, and one or more pharmaceutical^ 
acceptable carriers. In addition, the invention provides for a pharmaceutical 

compositioncontainingananti-LRP-Appeptidcorapharmaceuticallyacceptable 
salt thereof. In a preferred embodimeni, the pharmaceutical composition contains 
an anti-LRP-AP peptide having an amino acid sequence selected from the group 
consisting of SEQ ID NO:4 or SEQ ID NO: 14, or a pharmaceutical* acceptable 
salt thereof, and oneormorepharmaccutically acceptable carriers. The invention 
also relates to a method of combating Alzheimer's Disease in a subject by 
administering-an-anti-L-RP-Ap-moleculcrora-pharmacculicallyacceptablesall 
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thereof. In a preferred embodiment, the anti-LRP-Ap molecule is a peptide. In 
another preferred embodiment, the anti-LRP-Ap peptide is a polypeptide having 
an amino acid sequence selected from the group consisting of SEQ ID NO:4 or 
SEQ ID NO:14, or a pharmaceutical ly acceptable salt thereof. 

The invention also relates to an,4JA/-2 antisense oligonucleotide designed 
lo uirget^.W-2 RNA. In one preferred embodiment of the invention, lheA2M-2 
antisense oligonucleotide is designed to target A2M-2 heleronuclear RNA. In 
another preferred embodiment, fheA2U-2 antisense oligonucleotide is designed 
to target^/- > mRNA. In one embodiment of the invention, the A2M-2 antisense 
oligonucleotide designed to targeM2,WhnRNA has the nucleotide sequence of 
SEQ ID \0:27. The A2M-2 antisense oligonucleotide is preferably from 8- 50 
nucleotides in length, and more preferably is 15-30 nucleotides in length, and is 

most P rderablyl5nucleotidesinlcnglh.Thus,inanotherprefened embodiment 
of the invention an A2M-2 antisense oligonucleotide designed to target A2M-2 
hnRNA has the nucleotide sequence of the last 15-30 contiguous nucleotides of 
SEQ ID NO:27. In another embodiment of the invention the A2M-2 antisense 
oligonucleotide designed to targeUZt« has the sequence of nucleotides 36-50 
orSEQ ID NO:27 or ofnuelcotides 20 -50 of SEQ ID NO:27. The invention also 
relates to a pharmaceutical composition containing an A2M-2 antisense 
oligonucleotide, and one or more pharmaceutical!*- acceptable carriers. In 
addition, the invention relates to a method of combating Alzheimer's Disease in 
a subject by administering the^2A/-.' antisense oligonucleotide. 

The invention also provides for a viral vector carrying a transgene 
encoding aAI, or an anti-LRP-Ap peptide. In a preferred embodiment of the 
invention, the viral vector carries a gene encoding o 2 M. In another preferred 
embodimentofthe invention, the gene encoding « 2 M has the nucleotide sequence 
ofnucleotides 44-4465 of SEQ ID NO.l . The invention also relates to a viral 
vector carrying a gene encoding an anti-LRI'-Ap peptide. In another preferred 
embodiment of the invention, the viral vector is an adeno-associated virus. In 
addition, the invention provides fora pharmaceutical composition containing the 
-viral-vector,-and-oiie-or-more- P harmaccutically-acceplable-carricrs.-and-for-a 
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method of combating Alzheimer's Disease in a subject by administering the viral 
vector. 

The second aspect of the invention is to provide for a method of screening 
for therapeutic agents for Alzheimer's Disease that can replace or supplement 
ce2M function, or can suppress the expression oU2M-2. One embodiment of the 
invention is a method of screening for a therapeutic agent for AD by incubating 
a cell that is heterozygous or homozygous for lheA2M-2 allele in the presence of 
a test agent, and then determining whether the ratio of normal to aberrant A2M 
mRNA has increased relative to the ratio of normal to aberrant/I2A/mRNA found 
in cells untreated with the lest agent. In one preferred embodiment of this 
method, the cells arc glioma cells. In another preferred embodiment, the cells are 
hepatoma cells. In yet another preferred embodiment of the invention, the cells are 
heterozygous for the A2M-2 allele. 

In a related embodiment of this method, S 1 nuclease is used to determine 
the ratio of normal to aberrant A 2 A/mRN A , and the probe used is complementary 
to a nucleotide encoding A2M(SEQ ID NO:l). Thus, in one embodiment of the 
invention, S 1 nuclease analysis using a probe complementary to SEQ ID NO:l , 
where the probe encompasses nucleotides 2057-2284 of SEQ ID NO:l, is used 
to determine whether the ratio of normal to aberrant A2M mRXA has increased. 
In a preferred method of the invention, the probe used in the S 1 nuclease analysis 
is 300 bp long. In another embodiment of the invention, the probe used in the S 1 
nuclease analysis is complementary to nucleotides 2024-2323 of SEQ ID NO: 1 
Alternatively, RT PCR analysis is used to determine whether the ratio of 
normal to aberrant A2MmKSA has increased. In a preferred method of RT PCR 
analysis, the primers are designed to amplify a region of A2M encompassing exons 
1 7-1 8. In a more preferred method of RT PCR analysis, the amplified region of 
A2M encompassing exons 1 7-1 8 is 300 hp long. In another embodiment of the 
invention, the primers used for the RT PCR analysis are designed to amplify 
nucleotides 2052-22X9 of SFQ ID NO: 1 . Another embodiment of the invention 
relates to the use of a first primer having a nucleotide sequence complementary to 
-nuclcotidcs-2024--2038-of-SEQ-ID-NO:lT-and-a-second-primer-having-thc— 
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nucleotide sequence of nucleotides 2309-2323 ofSKQ ID NO: 1 for the RT PCR 

analysis. 

The invention also provides for a method of screening for a therapeutic 
agent for Alzheimer's disease by incubating aM with a test agent, and 
Ihen determining whether the treated a 2 M has undergone a conformational 
change, or determining whether the treated o,M can bind to LRP. In a preferred 
embodiment of the invention, the a 2 M treated with a test agent is telrameric a 2 M. 
In another preferred embodiment of the invention, an <x,M elcctrophorctic mobility 
assay is ued to determine whether the treated a 2 M has undergone a 
conformational change. In another embodiment of the invention, an ELISA is 
used to determine whether the treated «,M can bind to LRP. In a related 
embodiment of the invention, the ELISA includes the following steps in sequential 
order: incubating LRP in a well coated with ami-LRP IgG, incubating the well 
with treated a,M, incubating the well withanti-a.MIgG conjugated toanenzyme, 
and incubating the well with a substrate for the enzyme. I„ an alternative 
embodiment, the OLISA includes the following steps in sequential order: 
incubating, well coated with LRP with treated Bj M, incubating the well with anti- 
«,M IgG conjugated to an enzyme, and incubating the well with die substrate for 
the enzyme. In another embodiment, the ELISA includes the following steps in 
sequential order: incubating treated a,M in a well coated with an anti-a,M IgG 
specific for activated a 2 M, incubating the well with an anti-a 3 .M IgG conjugated 
to an enzyme, and incubating the well with a substrate for the enzyme. Inanother 
embodiment of the invention, immunoblotting with anti-LRP IgG and anti-a,M 
IgG is used to determine whether the treated a : M can bind to LRP. In yet another 
embodiment of the invention, a lest for the ability of the treated a,M to undergo 
LRP mediated endocytosis is used to determine whether the treated a,M can bind 
to LRP. In another embodiment of the invention, a test for the ability of the 
treated a,M to undergo LRP mediated degradation is used to determine whether 
the treated otjM can bind to LRP. 
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Brief Description of the Figures 
Figure 1. Figure 1 is an autoradiograph depicting the results of "P-Iabeled 
a 2 M mRNA transcripts from A2M from human glioma cell lines that express either 
wild-type A2M ((Blacker, D., et al t Nat Genet. 19:357-360 (1998)) or are 
heterozygous for \htA2M-2 deletion allele obtained by RT-PCR, and separated 
on a polyacrylamide gel. A2M-U2 lines are indicated as lanes marked "2", 
A2M- 1 /l lines are indicated as lanes marked " 1 ." 

Figure 2. Figure 2 is a schematic representation of four of the altered 
A2M transcripts produced by human glioma cell lines expressing the A2M-2 allele. 

Figure 3. Figure 3 is a photograph of immunoblols of media and extracts 
Irom CIIO cells transfected with a 2 M truncated alter exon 18 that were probed 
with an anti-ctjM antibody. The ami-cc,M antibody detected truncated a 2 M in 
transfected CIIO cells. Tanel A: cell lysale; Panel B: media; (-) indicates samples 
from untransfected cells; (wt) indicates samples from cells transfected with full- 
length a 2 M construct; (4) indicates samples from cells transfected with the o 3 M 
construct truncated after exon 1 8; m, d and t indicate monomer, dimer and trimer 
forms of the truncated protein, respectively. These forms of wild type oc,M are 
also visible but not marked. 

Figure 4. Figure 4 is a photograph of an immunoblot from cell lysates 
from wild-type cells {A2M-1) (lane labeled and cells heterozygous for the 
A2M-2 deletion (lanes labeled 1/2) probed with an anli-a,M antibody. The lane 
labeled (+) indicates lysate from CIIO cells transfected with full length a,M, and 
probed with an anti-a a M antibody. The media (data not shown) from A2M-1 and 
A2M-2 cells contained primarily full-length a,M monomers, but in the media from 
the A2M-2 cells, small amounts of tmncatcd species could also be observed (data 
not shown). 

Figure 5. Figure 5 depicts the o 2 M conformational change induced by 
protease (represented by the letter P in a circle) cleavage. Note the exposure of 
the LRP binding domain (represented by □) after the conformational change. 

_ Eig"J^ Fjguj^^j^oncj>o acid sequence for the anti- 

LRP-AP polypeptide. ~ 
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Figure 7. Figure 7 is a schematic of the yeast three-hybrid system for 
detecting the anti-LRP-Ap peptide binding to Ap and LRP. 

Detailed Description of the Preferred Embodiments 
Definitions 

In the description that follows, a number of terms used in recombinant 
DNA technology, molecular and cell biology, and pharmacology are extensively 
used. To provide a clearer and consistent understanding of the specification and 
claims, including the scope to be given such terms, the following definitions are 
provided. 

Nucleotide: "Nucleotide" refers to a base-sugar-phosphate combination. 
Nucleotides are monomelic units of a nucleic acid sequence (DNA and RNA). 
The term nucleotide includes deoxyribonucleic triphosphates such as dATP, 
dCTP, dm*, dUTP, dGTP, dTTP, or derivatives thereof Such derivatives 
include, for example, [aSJdATP, 7-deaza-dUTP and 7-dcaza-dATP. The term 
nucleotide as used herein also refers to didcoxyribonuclcoside triphosphates 
(ddNTPs) and their derivatives. Illustrated examples of dideoxyribonuclcoside 
triphosphates include, but are not limited to, ddATP, ddCTP, ddGTP, ddlTP, and 
ddTTP. According to the present invention, a "nucleotide" may be unlabeled or 
dctcctably labeled by well known techniques. Detectable labels include, for 
example, radioactive isotopes, fluorescent labels, chemiluminescent labels., 
bioluminescent labels and enzyme labels. 

Polynucleotide: A "polynucleotide" is a linear polymer of nucleotides 
linked by phosphodiester bonds between the .V position of one nucleotide and the 
5' position of the adjacent nucleotide. 

Oligonucleotide: "Oligonucleotide" refers to an oligomer or polymer of 
nucleotide or nucleoside monomers consisting of naturally occurring bases, sugars 
and intersugar (backbone) linkages. The term "oligonucleotide" also includes 
oligomers comprising non-naturally occurring monomers, or portions thereof, 
which function similarly. Such modified or substituted oligonucleotides arc often 
l^fcWd^n^ 
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increased stability in the presence of nucleases, and other features which render 
them more acceptable as therapeutic or diagnostic reagents. 

Nucleic acid molecule: By 'nucleic acid molecule" is meant a polymeric 
molecule composed of nucleotides. Nucleic acid molecules of the present 
invention may be in the form of RNA, such as mRNA, or in the form of DNA, 

including.forinstancc.cDNAandgenomicDNAobtainedbycloningorproduced 
synthetically. The DNA may be double-stranded or single-stranded 

S,ngl e - slra „dedDNAorRNAmaybethecodi„ gs trand.a] S olcn,n™ as ,hc S ense 
strand, or i, may be the non-coding strand, also referred to as the anti-scnsc 

strand. 

Complementary: As used herein, "complementary" refers to the subunit 
sequence complementarity between two nucleic acids, for example, two DNA 
molecules. When a nucleotide position m both of the molecules is occupied by 
nucleotides normally capable of base pairing with each other, then the nucleic 
acids areconsidcredtobecomplementarytoeachotheratthisposition. Thus, tv,„ 

nucleicacidsarecomplementarytoeachotherwhenasubstantialnumberfatleas. 
60%) of corresponding positions in each of the molecules arc occupied by 
nucleotides winch normally base pair with each other (for example, A:T and G:C 
nucleotide pairs). 

Hybridization: The tarns "hybridizaiion'-and "specifically hybridizes to" 
refer to the pairing of two complementary single-stranded nucleic acid molecules 
(RNA and/or DNA) to give a double-stranded molecule. These terms are used 

toindicatcthattlKnucleotidesaresufficientlycomplementarysuchthatstablcand 
specfic binding occurs between the DNA or RNA targctand the oligonucleotide. 
It is understood that an oligonucleotide need not be 1 00% complementary to its 
target nucleic acid sequence to be specifically hybridise. An oligonucleotide 

specificallyhybridizcstoanotherwhenbindingoftheoligonucleotidetome^rge. 

mterfereswithmenormalfunctionofthetargetmoleculetocausealossofumity 

andthereisasufficientdcgrccofcomplementaritytoavoidnon-specificbindin^ 
^oHgmu.cleou^ 

brndrng^desh^undcrph^ 
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or therapeutic treatment, or, in the case of in vitro assays, under conditions in 
which the assays are conducted. 

Primer: As used herein "primer" refers to a single-stranded 
oligonucleotide that is extended by covalent bonding of nucleotide monomers 
during amplification or polymerization of a DNA molecule. Minisatellitc primers 
used for the amplification of minisatellite dimer, trimer, tctramer. etc., sequences 
are well-known in the art. 

Template: The term "template" as used herein refers to a double-stranded 
or single-stranded nucleic acid molecule which is to be amplified, synthesized or 
sequenced. In the case of a double-stranded DNA molecule, denaturation of its 
strands to form a first and a second strand is performed before these molecules 
may be amplified, synthesized or sequenced. A primer, complementary to a 
portion of a DNA template is hybridized under appropriate conditions and the 
DNA polymerase of the invention may then synthesize a DNA molecule 
complementary to the template or a portion thereof. The newly synthesized DNA 
molecule, according to the invention, may be equal or shorter in length than the 
original DNA template. Mismatch incorporation or strand slippage during the 
synthesis or extension of the newly synthesized DNA molecule may result in one 
or a number of mismatched base pairs. Thus, the synthesized DNA molecule need 
not be exactly complementary to the DNA template. 

Amplification: As used herein "amplification'* refers to any in vitro 
method for increasing the number of copies of a nucleotide sequence with the use 
of a DNA polymerase. Nucleic acid amplification results in the incorporation of 
nucleotides into a DNA or molecule or primer thereby forming a new DNA 
molecule complementary to a DNA template. The formed DNA molecule and its 
template can be used as templates to synthesize additional DNA molecules. As 
used herein, one amplification reaction may consist of many rounds of DNA 
replication. DNA amplification reactions include, for example, polymerase chain 
reactions (PGR). One PCR reaction may consist of 5 to 100 "cycles" of 
denaturation and synthesis of a DNA molecule. 
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95%, 96%, 97%, 98% or 99% Homology: By apolynuclcotidc having 
a nucleotide sequence at least, for example, 95% "identical" to a reference 
nucleotide sequence is intended that the nucleotide sequence of the polynucleotide 
is idenlicalto the reference sequence exceptthatthepolynuclcotidesequencemay 
include up to five point mutations per each 100 nucleotides of the reference 
nucleotide sequence. In other words, to obtain a polynucleotide having a 
nucleotide sequence at least 95% identical to a reference nucleotide sequence, up 
to 5% of the nucleotides in the reference sequence may be deleted or substituted 
with another nucleotide, or a number of nucleotides up to 5% of the total 
nucleotides in the reference sequence may be inserted into the reference sequence. 
These mutations of the reference sequence may occur at the 5' or 3' terminal 
positions of the reference nucleotide sequence or anywhere between those 
terminal positions, interspersed either individually among nucleotides in the 
reference sequence or in one or more contiguous groups within the reference 
sequence. 

As a practical matter, whether any particular nucleic acid molecule is at 
leas, 95%, 96%, 97%. 98% or 99% identical to, for instance, the nucleotide 
sequence shownin SEQ ID NO: 1 can be determined conventionally usingknown 
computer programs such as the Bestfit program (Wisconsin Sequence Analysis 
Package. Version 8 for Unix, Genetics Computer Group, University Research 
Park, 575 Science Drive, Madison, WI 5371 1 . Bestfit uses the local homology 
algorithm of Smith and Waterman, Advances in Applied Mathematics 2: 482-489 
(1981), to find the best segment of homology between two sequences. When 
using Bestfit or any other sequence alignment program to determine whether a 
particular sequence is, for instance, 95% identical to a- reference sequence 
according to the present invention, the parameters are set, of course, such that the 
percentage of identity is calculated over the full length of the reference nucleotide 
sequence and that gaps in homology of up to 5% of the total number of 
nucleotides in the reference sequence are allowed. 

V J!^vMaJij^^ is a pol y mer composed of amino 

monomers joined by peptide bonds! ■ 
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Peptide Bond: A peptide bond is a covalent bond between two amino 
acids in which the alpha-amino group of one amino acid is bonded to the alpha- 
carboxyl group of the other amino acid. 

Isolated nucleic acid molecule or polypeptide: a nucleic acid molecule, 
DNA or RNA, or a polypeptide, which has been removed from its native 
environment. For example, recombinant DN A molecules contained in a vector are 
considered isolated for the purposes of the present invention. Further examples 
of isolated DNA molecules include recombinant DNA molecules maintained in 
heterologous host cells or purified (partially or substantially) DNA molecules in 
solution. Isolated RNA molecules include in vivo or in vitro RNA transcripts of 
the DNA molecules of the present invention. Isolated nucleic acid molecules or 
polypeptides according to the present invention further include such molecules 
produced synthetically. 

Linker: By "linker" is intended a molecule that connects the LRP binding 
domain to the Ap binding domain of the anti-LRP-Ap molecule. When referring 
to a linker composed of amino acid residues, linker is used to refer to the amino 
acid residues connecting the two domains. When referring to a nucleic acid 
encoding a linker, linker refers to the nucleotide sequence encoding the linking 
amino acid residues. Where the linker is composed of amino acid residues, it will 
typically consist of one or more glycine residues, or the nucleotide sequence 
encoding these residues, however, proline may also be used. 

Combating Alzheimer's Disease: The term "combating Alzheimer's 
Disease" is intended to mean a slowing, delaying, or even reversing the AD 
process. Thus, for example, the therapeutic agents of the invention may be 
administered cither therapeutically in a patient where symptoms of AD are present, 
or prophylacticaliy, in a subject at risk of developing AD. 

Pharmaceutical!)' acceptable carrier: By pharmaceutical^ acceptable 
carrier is meant a non-toxic solid, semisolid or liquid filler, diluent, encapsulating 
material, or formulation auxiliary of any type. 
___^cHorin^ order: By "performed in sequential order" is 

intended that the steps describ^TbylhisleT^ 
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stcps are recited, but that other unrecitcd steps may be performed in between the 
recited steps. 

Test agent: By "test agent" is meant any molecule that is of interest for 
the treatment or prevention of AD, and is to be tested using the screening methods 
of the invention. 

Ranges: various ranges of numbers are described herein. When a range 
is used, the range of numbers is meant to be inclusive of the boundary numbers. 
For example, an oligonucleotide composed or nucleotides 20-50 of SEQ ID 
NO:27, is meant to include nucleotides 20, and 50 and every nucleotide in 

between. 

Othcrtcnns used in thefieldsof recombinant DXA technology, molecular 
and cell biology, and pharmacology as used herein will be generally understood 
by one of" ordinary skill in the applicable arts. 

A Iplta-2-macroglobuUit 

AIpha-2-Macroglobulin (a,M) is a 7 i 8 kl) glycoprotein found at high 
concentrations in the serum (Bortli, W„ FASEB J. 6:3345-3353 (1992)). The 
structure of a 2 M consists of four idenlical ISO kD monomeric units, of 1451 
amino acids each (Sottrup-Jensen, I.., c aL J. Biol. Chem. 25*8318-8327 
(1984)). Disulfide bonds link these monomers into dimers, and noncovalcnt 
interactions between dimers lead to formation of the functional homotetramer 
(Harpcl, P. C.,J. Ex P . Med 75*508-521 (1973); Swenson, R. P. and Howard, 
J.B..J. Biol. Chen, 2^:4452-4456(1979)). In addition to the ability to bind Ap! 
a,M bindsa variety ofpolypeptides (proteases, growth factors, and cytokines) and 
ions (Zn, Cu, Fe)(Borth, W„FASEDJ. 0:3345-3353 (1992); James. K., Immunol 
Today J 1:163.106 (1990); Parisi, A. F. and Vallee, B. L.. Biochen, 9:2421 -2426 
(1970)). 

The best studied function of a,M is its pan-protease inhibitory activity 
(Barret, A. J. and Starkey, P. M, Biochem. J. /J*709-724 (1973)). A protease 
molecule WmMh e Jaiuegion of a « jM tetramer, amino acids 666-706, and 
cleaves any of a number of su«cp7ible7epliS^^^ 
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C.,./. Exp. Med /J*:50S-521 (1973); Biuret, A. J. and Starkcy, P. M, Biochem. 
J. 133:709-724 (1973); Sottrup-Jcnsen, L., el al., J. Biol. Chem. 26*15781- 
15789 (1989)). Protease binding and cleavage triggers a large conformational 
change in the a 2 M/protease complex, referred to as activation, that ultimately 
results in entrapment of the protease within the tetramer (Figure 5) (Borth, W., 
FASEB J. 6:3345-3353 (1 992)). In each monomer a unique p-Cys-y-GIu thiol 
ester bond exists between Cys-949 and Glu-952(Borth, W., FASEB J. (5:3345- 
3353 (1992)). Upon activation this thiol ester bond emerges from a hydrophobic 
environment and can undergo nuclcophilicattack, forexample, by lysine residues 
from the reacting proteases. The result of this nucleophilic attack is a covalcnt 
bond between Glu-952 of a.M and surface lysine residues of the protease (Figure 
5). The protease is effectively trapped, unable to dissociate from ctjM but still able 
to cleave small peptide substrates (Qui, W. Q., el «!., ./. Biol. Cham. 27/:8443- 
8451 (1996)). Protease-mediated activation results in exposure of the o,M 
receptor/low density lipoprotein receptor-related protein binding domain (Figure 
5) (Strickland, D..c/ «/.,./. Biol. Chem. 265A 7401-1 7404 (1990)). Low density 
lipoprotein receptor-related protein (LRP) is a 600 kD endocylic membrane-bound 
receptor belonging to the low-density lipoprotein receptor family (Borth, W.. 
FASEB J. 6:3345-3353 (1992)). LRP is a multifunctional receptor, because it 
binds ligands from different classes (Kounnas, M. Z., ei a!., Cell tfZ'33 1-340 
( 1 995)). Exposure of this LRP binding domain is a prerequisite for LRP mediated 
endocytosis of ajivl/Iigand complexes and targeted degradation (Bortli, W., 
FASEB 1 6:3345-3353 (1992)). In summary, «, M serves to bind a number of 
protein substrates, including Ap, and target them for internalization and 
degradation. 

«,M binds AP specifically and tightly. The Ap binding region of a,M is 
located benveen residues 1202-1312, approximately 600 residues C-tctminal to 
the bait region (Hughes, S. R., et al.. Proc. Natl. Acad. Sci. USA P5:3275-3280 
(1998)). Binding does not require oc-M activation and binding stoichomctry is 
JW™jma^ (Du, Y., et al., J. Newochem. 6P:299-305 
(1997)). The apparent dissociatioTTwnluBf^^ 
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been reported as 3.8 * 10 ro M for a 2 M/ I25 I-Ap (Du, Y M et al, 1 Neurochem. 
69:299-305 (1 997)) and 3.5 * 10' 7 M for biotinAp/(mthenium (II) tris-bipyridine- 
n-hydroxysuccinimidc ester) modified-a 2 M (Hughes, S. R., et ai, Proc. Natl 
Acad. ScL USA £5:3275-3280 (1998)). Despite this discrepancy in K D values 
(which are most likely due lo methodological differences), a strong interaction 
between Ap and a 2 M exists. This interaction prevents AP fibril formation and 
fibril associated neurotoxicity ((Hughes, S. R M et at., Proc. Natl. Acad Set USA 
95:3275-3280 (1998); Du, Y., et ai, ./ Neurochem. 70:1182-1188 (1998)). 
Recently, it has been demonstrated that a region of o 2 M encompassing only the 
A P and LRI> binding domains is sufficient for AP binding in vivo ((Hughes. S. R., 
cud., Proc. Natl Acad. Set. USA 95:3275-3280(1998)). These data suggest that 
the AP binding domain is an independent structural unit and successful a,M/AP 
interaction may only rely on a few key interactions. Recent work by Soto and 
colleagues show that an eleven residue peptide is capable of binding AP and 
inhibiting AP fibril formation (Soto, C„ et al, Nature Medicine </:S22-826 
(1 998)), supporting the idea that only a few key interactions are needed to bind 
Ap. In summary, cc 2 M can mediate the catabolisni of AP in a IRP dependent 
process. 

A2M-2 Genotype 

The A 2M-2 genotype, which is linked to late-onset AD, is present in 30% 
of the population (Blacker, D., etal, Nature Genetics 7P:357-360 (1 998)). This 
genotype has a pentnucleotide deletion at the 5* splice site of the second exon ' 
encoding the bait region of a : M (exon IS) (Blacker, D., et al, Nature Genetics 
79:357-360 (1998)). 

Low resolution X-ray data and biochemical data suggest that the bait 
regions are located at the dimer interface and are crucial for the formation of 
functional tetramers, and the mediation of the conformational change that 
accompanies activation (Andersen, G. R M etal, J. Biol Chem. 270:25133-25141 
(1995); Bowcn, M. E. and Gcttins, P. G. VV\, ./. Biol Chem. 27*1825-1831 
(1 998)). TheA2M~2 deletion irnhTblin^ioircould prcvent-Ap-clearanceand 
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degradation if (i) proteases can not cleave the altered bait region, (ii) protcase- 
induced activation cannot occur, (iii) LRP binding is disrupted, and/or (iv) Ap 
binding is disrupted. 

Low density Lipoprotein Receptor-Related Protein 

5 LRP is a 600 kD endocytic membrane-bound receptor belonging to the 

low-density lipoprotein receptor family (Borth, W., FASEB J. tf:3345-33S3 
(1992)). LRP is expressed in a variety of cell types including: adipocytes, 
astrocytes, fibroblasts, hepatocytes, macrophages, monocytes, and 
syncytiotrophoblasls. LRP is translated as a 4525 residue single chain precursor 

10 (Nielsen, K. U et al. ./. Biol. Chem. 271 :12909-12912 (1996)). It is then 

processed into a 515 kD A chain and an 85 kD f> chain. The P chain possesses a 
single transmembrane segmenlandacytoplasmictailcontainingtwocopiesofthe 

N'PXY endocytosis signal sequence (Nielsen, K. L.. et al, J. Biol. Chem. 
271: 12909-12912 (1996)). The exlracellularly located a chain contains four 
15 cvaeine-rich LDL receptor ligand-binding repeats flanked by epidermal growth 

factor (EOF) repeats (Nielsen, K. L. ct al. J. Biol Chen, 277:12909-12912 
(1996)). Thenoncovaleniassociaiionoftheochain with thccxtraccllularportion 

of the p chain forms a functional LRP (Borth. W„ FASEB J. 6:3345-3353 
(1992)). LRP is a multifunction receptor becaasc it binds ligands from different 
20 classes (Kounnas, M. Z., et al. Cell «2:331-340 (1995)). These include a 2 M- 

protease complexes, plasminogen activator inhibitor-plasminogen activator 
complexes, lipoprotein lipase, apoE, bovine pancreatic trypsin inhibitor. 
lactofenin,P S eudomonas,exotoxinA,nexin-Icomplexes.andreceptorassociated 

protein (RAP) (Kounnas, M. Z, et ol. Cell 52:331-340 (1995)). Most of these 
25 ligands do not compete for the same binding site. RAP, however, inhibits the 

binding of all these ligands. 


ajM/LRP Association 

The association of activated a z M and LRP is highly pH dependent, 

MMificationtoofflEgwEa^^ 
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3353 (1 992)). This suggests that upon cndocytosis a 2 M dissociates from LRP. 
After endocy tosis ce,M and its associated ligands are degraded in the lysosome and 
LRP is recycled to the membrane (Borth, W., FASEBI 6*:3345-3353 (1992)). 
The half-life for internalization and degradation varies between 15 and 60 minutes 
(Borth, W. t FASEBJ. £3345-3353 (1992)). 

The cc,M-protease binding site of LRP has been mapped to residues 776- 
1399 of the p chain (Nielsen, K. L., et al, 1 Biol Chem. 277:12909-12912 
( 1 996)). This region includes CGF repeats 4-6 and LDL receptor ligand binding 
repeats 3-10. The LRP binding domain of oc,M is located between residues 1312 
and 1451, directly C-terminal to the Af> binding domain (Hughes, S. R., et al, 
Proc. Nail. Acad. Set. USA 95:3275-3280 (1998)). This domain is very flexible 
relative to the core of cc 2 M (Andersen, G. R. t et al, 1 Biol. Chem. 270:25133- 
25141 (1995)). Low resolution crystal structures (10A) indicate that activated 
OjM is roughly the shape of an H and the LRP binding domains are located at the 
tips of thell (Figure 5) (Andersen, G. R., ctai, 1 Biol Chem. 270:25133-25141 
( 1 995 )). A LRP consensus binding sequence has been proposed based on 3 1 LRP 
licands from 7 different protein families (Nielsen, K. L, et al, J. Biol Chem. 
27/;12909-129I2 (1996)). This 27 residue consensus sequence is located 
between residues 1365 and 1393 of human a 2 M. Once again, experimental 
evidence suggests that a few key interactions ma)- be important in LRP/a 2 M 
binding. Mutations at positions 5 and 10 of the consensus sequence, 
corresponding lo Lys-1370 and Lys-1374 in die human a 2 M, abolish binding 
unlike mutations at other highly conserved residues. 

Implication of a y \i in Alzheimer's Disease 

Cerebral deposition of amyloid is a central event in Al) (Soto, C, etal, 
Nat. Med *822-826 (1998)). Genetic, neuropathologies and biochemical 
evidence indicate that inappropriate deposition of amyloid plays a fundamental 
role in the pathogenesis of AD. The major component of AD amyloid plaques is 
J!^i5i^^ as dense (amyloid plaque) and 
diffuse extracellular deposits in the neuropil (M^TCTCTerol-ProcrNatl: 
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Acad. Sci. USA 52:4245-4249 (1985)), and in cerebral blood vessels (congophilic 
angiopathy) (Glenner, G. G. and Wong, C. W., Biochem. Biophys. Res. Comm. 
720:885-890 (1 984)) of both AD and Down syndrome (DS) patients. Soluble AP 
is found in the cerebrospinal fluid (CSF) and is produced (Haass, C, etal, Nature 
55P:322-325 (1992); Seubert, P., et al t Nature 359:325-321 (1992); Shoji, M. f 
etal, Science 258: 1 26-129 (1 992)) by constitutive cleavageof its. transmembrane 
parent molecule, the amyloid protein precursor (APP) (Kang, J., et al, Nature 
525:733-736 (1987); Goldbargcr, D., et al, Science 255:877-880 (1987); 
Robakis, N. K. ; etal, Proc. Natl. Acad. Sci USA S4:4 1 90-4 1 94 (1987); Tanzi, 
R. E, et aL Science 2J5:880-884 (1987)). APP is a family of alternatively- 
spliced proteins, of unknown function, that arc ubiquitously expressed (Tanzi, R. 
E., et al., Nature J?J/:52S-530 (1988)). Unknown proteases cleave APP to 
produce a mixture of AP peptides with carboxy I -terminal heterogeneity. Ap 1 -40, 
the major soluble Ap species, is found in the CSF at low nanomolar concentrations 
(Vigo-Pelfrey, C, et al, J. Ncurochem. d/:1965-1968 (1993)). Api-42 is a 
minor soluble Ap species, but is heavily enriched in amyloid plaques (Masters, C. 
L,, et al, Proc. Natl Acad Set USA 52:4245-4249 (1985); Kang, J., et aL, 
Nature 525:733-736 (1987); Roher, A. E., etal, J. Biol. Chem. 26^:3072-3083 
(1993)). 

The mechanism by which these amyloid deposits result in dementia is 
unclear, but may be related to the neurotoxic effects of AP al micromolar 
concentrations (Pike, C. J, et al. Brain Res. 5633 11-314 (1991)). Insight into 
the mechanism of amyloid deposit formation began with the discovery of 
pathogenic mutations of APP close to T or within, the AB domain (van 
Broeckhoven, C, etal, Science 24*1 120-1 122 (1990); Levy, E„ etal, Science 
24S:\ 124-1 126 (1990); Goate, A., et al, Nature 349:104-106 (1991); Murrell. 
J. s et al, Science 254:97-99 (1991); Mulian, M., et al, Nat. Genet. 7:345-347 
(1992)). These studies indicated that the metabolism of AP, and APP, is 
intimately involved with the pathophysiology of AD. Increasing evidence suggests 
_thanncrea S ed levels of Api-42 accelerates amyloid deposition in early-onset 


familial AD (FAD"). TheFAD-h^d:^^ 
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increase the secretion of Ap species several-fold (Citron, M., et al, Nature 
360:672-674 (1992)). While the^/717 mutation does not affect the quantity 
of AP production (Cai, X-D M et ul t Science 2JP:514-516 (1 993)), this mutation 
increases the proportion of Api-42 produced (Suzuki, N., et al. Science 
2^:1336-1340 (1994)). Increased soluble Api-42 has also been found in the 
brains of individuals affected by Down syndrome, a condition complicated by 
premature AD (Teller, J. K., etai, Nat. Med. 2:93-95 (1996)). Inheritance of the 
o:hcr FAD-linked mutations of Presenilis 1 (PSEN1) or PrcscniIin-2 (PSEN2) 
(Sherrington, R., et al, Nature 575:754-760 (1995); Levy-Lahad, E, et al., 
Science 2^:973-977 (1995)) correlates with increased conical amyloid burden. 
The emerging consensus is thai the common effect of FAD-linked presenilin 
mutations is to increase Ap 1 -42 production (Citron, M.. et al., Nat. Med J:67-72 
(1997): Xia, W. f et al., J. Biol Chem. 272:7977-7982 (1997)). Taken together 
these studies suggest that mutations in the genes linked to FAD (APP, PSEN1, 
PSEN2) can result in increased Api-42 production and that this increase could 
cause FAD. In the vast majority of AD patients, however, overproduction does 
not occur (Van Gool, \V. A., et al t Ami Neurol. J 7:277-279 (1 995)). 

Ninety percent of AD patients suffer from late-onset AD (LOAD). Tliree 
genes have been linked to this form ofADAPOE, LRP, and AIM. Inheritance of 
the APOE-f.-I allele on chromosome 1 9 correlates with increased cortical amyloid 
burden (Rebeck, G. W., et al, Neuron. / 7:575-580 (1993)). APOE promoter 
polymorphisms, which upregulate transcription oCAPOE, have recently been 
shown to be associated with AD (Bullido, M. J., et al, Nat. Genet. 7^:69-71 
(199S); Lambert, J. C, et aL Human Mot. Gen. 6:533-540 (1998)). Higher 
expression of the APOE-e4 allele, relative to APOE-c-3. has been found in brains 
of APOE-C4 positive AD patients, but not in age- and genotype-matched controls 
(Lambert, J. C, et al, Human Mol Gen. 6:2151-2154 (1997)). The absence of 
apoE in transgenic mice expressing FAD mutant APP attenuates AP deposition 
(Dales, K. R, et al, Nature Genetics J 7:264 (1 997)). The second gene linked to 
UUD, the^U/^gene, encodes the low density lipoprotein receptor-related 
protein. APP,l r ^;^d^NTii^llligl 1 nds- -fofthis' cell-surface receptor- 
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(Blacker, D. and Tana, R. E., Archives of Neurology JJ:294-296 (1 998); Kang 
» °- E - Ctal - Na ™>°&<9***\ (1997); Blacker, D., etal. Neurology 48:139- 

147 (1997); Fancr, L. A., etal., JAAU 275:1349-1356 (1997); Strittmattcr W 
J., etal., Proa. Natl. Acad. Sci. USA P0:1977-1981 (1993)). LRP internalizes 

5 ,,8MdSViaend ° Cytosis ' Md ^^forlysosor„alde S r a dation(Bo^ W 

FASEBJ. 5:3345-3353 (1992)). Inheritance of a pentnucleotide dc.etion in the' 
th.rd gene associated with LOAD, A2M (i.e, inheritance of A2M-2) confers 
increasedri S kforADandispresenti„~30%of,hepopul a »i O n(BIackerD etal. 
20 Nt "- Ge " er /9:357 -' 6 ° <•"»))■ The protein product of A2M «, M is an 

>0 abundant pan-protease inhibitor found primarily in serum, but is also present in 

tann and other organs (for example, liver). BjM bind, A P and can mediate its 
internalization and degradation (Bonh, W., FASEB J. 6:3345-3353 (1992); 
N'arila, M.. et al, J. Neurochem. <5P:1904-191 1 (1997)). 

aM hasbccnnnplicatcdin the pathogenesis of AD by both biological and 

gcne.icllndi n g S .a 2 M-likeimmunoreactivity W asobservedinADcortical senile 
Plaques (Bauer, J., etal, FERSLett. 285:1 1 1-1 ,4 (1991)) and it was show, that 
aM is upregulated in the AD brain where it localizes to neuritic but not diffuse 
amyloid P laques(Strauss, S.,,,< /. a A^^ 

et al., Neurobiol. Aging 7«33-237 (1 993)). In addition, A P was found to bind' 
to «,M wuhhigh affinity (Du, Y., et al.,.,. Neurochem. tfP:299-305 (1997)) and 

bindin g prevented alll v lo idfibriIfon 1 tationa S welIasneuro.oxici« } -associa,ed\vith 
aggregated A P (Du, Y., ,/ al., J. Neurochen, 70:1 182-1 188 (1998); Hughes S 
R., et al., Proc. Natl. Acad. Sci. USA P5;3275-3280 ( 1 998)). Activated «,M-A P 
complexes were recently showr: t0 be internalized and targeted for degradation by 
glioblastoma cells via bindingtoL^^^ 

1911 (1997)). Moreover, LRP is especially abundant in brain regions affected by 

AD such as the hippocampus (Rebeck, G.W., ela l., Neuron 77:575-580 (1993)- 

Tooyama, LetaL.Mol. Chew. Ncuropathol. /5:153-160 (1993)).and serves as 

a receptor for ApoE (Rebeck, G.W., et al.. Neuron 77:575-580 (1993)), a well 

established gcnetic^Jac^OJlacker, D., et al.. Nature Gen 7P357-3G0 
(1998)). " 
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The genetic linkage of APP, APOE. A2M. and their receptor LRP to AD 
suggests that these proteins may participate in a common neurogenic 
pati W a yl eadi ne toAD(Blac k er,D. > e, fl /., / V.,W.;p :357 .3 6 o (1W8))This 

mding «o LRP for endocytosis and .ysosoma. degradation, and by serving as a 
d,rect mediatory degradation -hen « 2 M i S complied with an unidentified 
serine protease (Qiu, W. Q., e/u ,, l/5; , / . a,, 277:8443-845 , (,996)) This 
hypothesis is supponed/^^byunefactthatapoEand^M^bo^,^^ 
•or LRP and, in addition, that apoE has previously been reported to inhibit «, M 
med.ated degradation of A P (Rebeck, G. W.. « ai, Ann. Neurol 37-7\ 1-217 
(1W5); /hang, Z., aal.. /„, j. ^ c// „ w ^ ^ 

However, ,„ ils normal role, a.M a , so binds a host of cytokines. growth 
factors, and biologically active peptides (Berth, W., FASED J. , 3345-3353 
(| 992)). ,t has also recently been shown to activate the phosphatidylinositol 3- 

kma., CS u gS esting it rolein S iE„aIi„ g(M isra.U.K.andPi ZZ o.S.V J Biol Chen, 
^i.13399-,3402 (,998)). Thus, defective activity 0 f aM raay lead , 0 ^ 

^tedneurodcgenenationbyavanctyofmechanismsbcyondpossibleeffectson 
Afi accumulation and deposition. 

A reduced steady-state level of secreted aM or the presence of defective 

.etran.rsduetodominantnegativccffectsof^.cou.dresultinimpaired^M 
ftmcuon. Partial or totaJ deletion of the sequences coding for the bait rcgionm 
exons ,7 and „ are like(y t0 ^ ^ ^ ^ 

".ternahza.ionofpotentia.ly defective tamers containing nlut am tnonomerfs) 
before, the generation of very «ow levels of mutant monomers may ha Ve an 
amphfied effect as one mutant monomer may potcntiaUy i„h ibit * funetion of 
three w,ld-,yp e monomers in the tetramer (dominant negative effect) Thus a 
cnt.ca. role for «,M is indicated in AD neuropathogenesis. The data described in 
Example, showthat^ 

RNAandprotein that may have a dominant negative effect on „orm iJa ,M. Based 

of ahered a 2 M lrailscripls and ^ iau ^^^^ 
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supplementing normal a 2 M function and activities, and/or at suppressing defective 
10 ajM function in the brain may effectively serve as a means for therapeutically 

preventing, treating, or even reversing AD neuropathogenesis. In addition, these 
strategies may be useful for treating other pathologies associated with defective 

herein may be used to screen for these therapeutic agents. 

The first aspect of present invention relates to therapeutic agents for AD 
that can replace or supplement normal a 3 M function, and/or suppress expression 
q£A2M-2. 

10 Tn one embodiment of the invention, the therapeutic agent is an anti-LRP- 

AP molecule, which is a molecule containing LRP and AP binding domains. This 
molecule may be a peptide, or other molecule, that is capable of binding to both 
Ap and LRP. This ami-LRP-Ap molecule may also contain other domains. An 
anti-LRP-Ap molecule having Ap and LRP binding domains could bind Ap and 
15 target it for LRP mediated endocytosis followed by lysosomal degradation, and 

30 lnu ^ would be useful, inter alia, as a therapeutic agent. 

In one embodiment of the invention, the anti-LRP-Ap molecule i.s a 
peptide, referred to herein as the anli-LRP-Ap pcplide. A 250-residue fragment 
of the tt= M monomer contains both the Ap and LRP binding domains (Hughes, S. 
20 R., ct aL Proc. Natl. Acad. ScL U.S.A. PJ:3275-32S0 (1998)). Thus, in one 

emhodimentofmeinvention,the anti-LRP-Ap peptide would be composed of the 
entire Ap and LRP binding domains of aM (SEQ ID NO:4). Alternatively, the 
AP and LRP binding domains may be composed of portions of the Ap and LRP 
binding domains of a 2 M The Ap binding domain of a,M is located between 
25 residues 1201 and 1313, approximately 600 residues C-terminal to the bait region 

(Hughes, S.R., ct ai, Proc. Natl. Acad. ScL USA yj;3275-3280 (1998)). Thus, 
in another embodiment of the invention, the Ap binding domain of the anti-LRP- 
Ap peptide would consist of the full Ap binding domain of a 2 M (between residues 
1201-1313, SEQ ID NO:6), but only a portion of the LRP binding domain. In 

— jmott™^^ the A p binding domain would consist of at 

least 50 contiguous residues oftfic fu?AjFt^S 
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embodiment of die invention, the AP binding domain would consist of 10-50 
contiguous residues of the full Ap binding domain of a,M. 

In addition, peptides that can bind AP in vivo and inhibit Ap fibril 
formation have been described by Soto et */.(Soto, C. et al, Nat. Med. 4:822-826 
(1998); Soto, C, et al, Biochem. Biophys. Res. Comm. 226:612-6X0 (1996)). 
These peptides (SEQ ID NOs:12, 16, 18, 20, 22, 24 and 26) have homology to 
AP and a similar degree of hydrophobic^, but have a low propensity to adopt a 
p-sheet conformation. In particular one 1 1 residue Ap binding peptide, having the 
amino acid sequence of SEQ I D NO: 1 2, and encoded by the nucleic acid sequence 
of SEQ ID NO: 11, was particularly effective. Therefore, in a preferred 
embodiment of the invention, the AP domain of the anti-LRP-Ap peptide would 
have the sequence of this 1 1 -residue peptide. Thus, in a preferred embodiment of 
the invention, the Ap domain of the anti-LRP-AP peptide has the amino acid 
sequence of SEQ ID NO: 12, and is encoded by the nucleic acid sequence of SEQ 
ID NO:l 1. Two shorter derivatives of this 1 1 residue Ap binding peptide, 
composed of a 5 residue peptide (SBQ ID NO:22) and a 7 residue peptide (SEQ 
ID NO:l 8) also effectively bound Ap and inhibited fibril formation (Soto, C. et 
al, Nat. Med *822-826 (1998); Solo, C.,ctal. % Biochem. Biophys. Res. Comm. 
2^/672-680 (1996)). Thus, in another preferred embodiment of the invention, 
the AP binding domain has the amino acid sequence of SEQ ID NO:22, and is 
encoded by the nucleic acid sequence of SEQ II) NO:21, or has the amino acid 
sequence of SEQ ID NO: 1 8 r and is encoded by the nucleic acid sequence of SEQ 
ID NO:I7. Alternatively, the Ap binding domain may be composed of other 
derivatives of the 1 1 residue Ap binding peptide having 3, 4 or 6 residues (SEQ 
ID NO:24, 22 and 1 8 respectively). Thus in another embodiment of the invention, 
the Ap binding domain has the amino acid sequence of SEQ ID NO:24. 22 or 1 8. 
and is encoded by the nucleic acid sequence of SEQ ID NO:23, 21 or 17, 
respectively. 

The LRP binding domain of a,M is located between residues 1312 and 
J 45J_of^1^ binding domain hughes, S. R., et al., 
Prac. Nail Acad. Set VSA9SX215^ — 
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the invention, the LRP binding domain of the anti-LRP-Ap peptide is composed 
of the full 1.RP bindingdomain of oc 2 M (residues 1313-1451, SEQ ID NO:8). In 

anotherembodi m entofthemvention,theLRPbindingdomainiscornposedofat 
least at least 50 contiguous residues of the full LRP binding domain of a 2 M. In 
yet another embodiment of the invention, the LRP binding domain is composed 
of 1 0-50 contiguous residues of the full LRP binding domain of c^M. Within the 
LRP binding domain, a 27 residue LRP binding consensus sequence exists at 
residues 1366-1392 (Nielsen. K. L., el al, J. Biol. Chen. 277:12909-12912 
(1996)). Thus, in a preferred embodiment of the invention, the LRP binding 
domain of the anti-LRP-Ap peptide is composed of residues 1366-1392 (SEQ ID 
NO: 1 0) of «,M. Alternatively, the LRP binding domain may be composed of a 
contiguous portion of residues 1313-1451 of a 2 M that includes residues 1366- 
1392. In another preferred embodiment, the anti-LRP-Ap peptide is composed 

ofthc 1 1 rcsidueApbindingdomainandthe27residueconsensussequenceofthe 
ot,M LRP binding domain (SEQ ID NO: 1 4). 

The Ap binding domain and the LRP binding domain of the anti-LRP-Ap 
molecule may be connected to each other directly by a covalcnt bond, or indirectly 
by another molecule, such as a linker, or linkcrless polyethylene glycol. Linker 
molecules include polymers such as polyethylene glycol (PEG) and peptides or 
amino acid residues. In addition, linkerlcss PEG modification (PHGy lation) may 
be used (Francis, O. E. ( etai, Int. J. Ilematol. 68:\-\ 8 (1998)). Various methods 
of connecting molecules using linkers and other molecules are well knouT, in the 
art, and may be used to connect the AP and LRP binding domains (See, for 
example, Francis, G. E., etc!., In,. J. Hcmatol. C6V1-18 (1998); Raag. R. and 
Whitlow, M, FASEBJ. 9:73-80 (1995): Deguchi. Y., e, al. . Biaconju,, Chen, 
70:32-37 (1999); Luo, D., ct al.. J. Biotcclmol. 65:225-228 (1998); Reiter, Y., 
and Pastan, I., Clin Cancer Res. 2 245-52 (1996); DeNardo, G. L., elal., Clin[ 
Cane. Res. 4:2483-90 (1998); Tarcrui, S. S., Protein Sci. 7:2143-2149 (1998); 
Schaffer, D. V., and Lauffenburger, D. A., J. Biol. Chem. 273:28004-28009 
J12?^^^^^!<^ c ' ! f n >- 37:14420-14427 (1998): Czervvinski, 
C.,etal.,Proc. Natl. Acad. Sci. U.S.A. ^nV^nsTsl^r^K.lTeTat—' 
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J. Pept. Res. 52:1-14 (1998); Liu, S. J., et al. Blood PZ-2 103-21 12 (1998); 
Chandler, L. A., et al t Int. J. Cancer 78:106-1 1 1 (1998); Park, C. J., Appi 
Microbiol Biotechnol. 50:71-16 (1998); Suzuki, Y., el al % J. Biomed Mater. 
Res. 42: 112-116(1 998); Filikov, A. V., and James, 'J*. L., ,/ Comput. Aided MoL 
Des. 72:229-240 (1998); MacKenzie, R., and To, R., J. Immunol Methods 
220:39-49(1998)). 

In one preferred embodiment of the invention, the linker is composed of 
amino acid resid ues, for example, glycine residues or proline residues. Where the 
linker is composed of amino acid residues, it may be from 1 -20 residues, but will 
preferably be 5-10 residues, and more preferably will be 5 residues. 

Where die anti-LRP-Ap molecule is a peptide, within the peptide, the Ap 
binding domain may be C-terminal, or N-terminal to the LRP binding domain. 
However, preferably, the Ap binding domain will be N-lcrminal to the LRP 
binding domain, which is the order of the Ap and LRP binding domains in 
naturally occurring ct,M, 

In addition, the invention provides for nucleic acid molecules that encode 
an anti-LRP-Ap peptide. Thus, in another embodiment of the invention, the 
nucleic acid molecules would encode an anti-LRP-Ap peptide having the 
sequences described above. The invention also relates to nucleic acids having at 
least 95% homology to these nucleic acids. In addition, the invention relates to 
nucleic acids that hybridize to a nucleic acid that is complementary to a nucleic 
acid encoding the anti-LRP-Ap peptide. The conditions under which the first and 
second polynucleotides hybridize are preferably as follows: (a) incubate overnight 
at 42 °C in a solution consisting of 50% formamide, 5x SSC, 50 mM sodium 
phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran sulfate, and a20^g/ml 
denatured, sheared salmon sperm DNA; and (b) wash at 65 °C in a solution 
consisting ofO.lxSSC 

"Hie anti-LRP-Ap peptide may be produced using standard solid phase 
synthesis methods for protein synthesis, and purified by high performance liquid 
-chromaio^h^^ art (See "Preparation and 

Handling of Peptides/' in: Current Protocols in Protei^Scle^^^i^TR, 
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« aL, eds., John Wiley and Sons, Inc.. pub., Vol. 2., Chapter 18 (SuppJ. 14 
1 998)). Alternatively, the ami-LRP-Ap peptide may be produced using standard 
recombinant DNA methods. For example, The DNA coding for the desired 
sequence of the LRP binding domain (for example, the 27 residue consensus 
sequence) may be obtained by PCR amplification of the codons encoding the 
desired I.RP binding domain using primers designed to flank the desired codons. 
This DNA may then be used as a template for PCR mediated integration of the 
sequence coding for the desired Ap binding domain. For PCR mediated insertion 
of the AP domain, a nucleotide 5' PCR primcrcan be designed having ( 1 ) a region 
homologous to the end of the DNA sequence encoding the desired LRP binding 
domain that was amplified as described immediately above, and (2) immediately 
5' to this region, a region encoding the desired Ap binding domain, and (3) 
immediately 5' to this region a start codon. For the .V primer, the 3' flanking 
primer used to amplify the LRP binding domain, which sequence is now being 
used as the template, may be used. Alternatively, to produce an anli-I.RP-Ap 
peptide having the entire Ap and LRP binding domains of a 2 M (residues 1202- 
1451), primers may be designed to flank the coding sequence for these domains, 
to amplify this region (nucleotides 371 3-4465). A start codon may be then added 
by PCR mediated insertion. To amplify a coding region that encodes less than the 
entire AB andLRP binding domains, theprimers may instead bedesigned toflank 
this smalierregionof a 2 M. The resulting nucleic acid moleculeisDNA encoding 
afusionprotein havingLRPand A p binding domains, and a start codon, such that 
this molecule may be inserted into an expression vector to produce the anti-LRP- 
AP peptide. 

Once DNA encoding the desired fusionprotcin is obtained, PCRmediated 
insertion may be used to insert restriction enzyme sites at the 5* and 3' ends of the 
fusion gene so that the fusion protein gene may then be cleaved with these 
restriction enzymes for insertion into an expression vector, and a vector for use 
in the yeast three hybrid system (Tirode. F., et al, J.Biol. Chew. 272:22995- 
22999 (1997)). For example, an Xho land Kpn I restriction sites can be inserted 
at the 5' and 3' ends of the fusion protein gene. respecu\e^^" _ Cl^avalcT^^ thcsV "~ 


WO 00/46246 

PCT/USOO/02412 

5 -30- 

res.nc.ion enzymes iriU then facili.a.c cloning of the fusion pro.eiu gene into (i) 

* epBAmiiSeXprWSi0nVCCt0r ( In ™°een)Jorarabino Se dcpe„dentexpre S sion 
of an.i-LRP-Ap in E. coli, and (ii) .he P Lcx9-3H vector for use in the yeast three 
hybnd system (Tirode. F.. c, aL,.,Biol Chem. 272:22995-22999 (.997)) The 
5 protein produc(> named pep . de> of thfi resuit . ng gcne shouU ^ 

both AP and LRP binding properties. 

^^••Vofanti-UlP.APnwIeculetobindAPandLRPandw.mderno 
LRP mcd.a.cd endocytosis and degradation may be tested using gd-f.l.ra.ion 
20 chromatography, immunoblottingand cell culture techniques. If Ac an.i-LRP-Ap 

"> moleculcisa P c P'^ayeas.^^ 
ant '-LRl'-APpe P lide(Tirodc,r^ 

25 IfneCeSSa0 ' >thCbindin8pr0 P cniesofa ^"''-L^-APpep, i den W ybereopli m izcd 

urns ft, v/vo evolution techniques (Buchholz, R, « «/.. A'*, l6 . 657 . 

662(1998)). 

13 Gcl-fil.ra.ion chromatograpy can bepcrformed as described bv Narita e, 

C,i (Nari,a - M - " "' ■ 1 Ne ™>'"»- ^.-1904-191 1 (1997)) to test the ability of 
an an.i-LRP-Ap mo.ccu.e .o bind A P . The an.i-LRP- A p molecu.e is incubated 
-th AP 1 -42 tha. is radiolabeled with % »C or IJ5 I. ,„ Ule f 0 .l„ wi„ g discussion 
" I-AP « used as an example of radiolabeled A P . Methylamine or trypsin 
nct.va.ed a : M, and «,V,, and unactivated «,M and a A ,-2, may be used as 
controls. anti-LRP-ApZ-Mp, a 2 M/-,- A p and « jM -2/'»|.Ap com plcxcs arc 
then separated from unbound -I-A P using a Sucrose 6 gel-filtration column 
(0.7 x 20 cm) under the control of an FPLC (Pharmacia) .ha. has been 
standards with molecular weight markers from 1000 IcD- 4 kD If ami-LRP 
AP has bound -,-A P , -I- A p shoula be de(ected by ^ ^ ^ ^ 
peaks, one corresponding to the molecular weigh, of the ami-LRP-Ap/'»I- A p 
complex (about 8-9 kD for a comp.ex containing an anti-LRP-AP of about 40 
res.dues), and one corresponding to the molecular weight of '«I- A p (4.5 kD) 

Alternatively, or in addition to gel-fiction chromatography 
.mn^obbt^me^^^ 

may be used to determine ^^^(JO^iia^c^bl^ 
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Unlabeled Ap is incubated separately with anti-LRP-Ap, unactivated o 2 M, 
motivated a 2 M-2, a 2 M activated by methvlamine or trypsin, or a 2 M-2 activated 
by methylamine or trypsin. Samples are then eleclrophoresed on a 5% SDS- 
PAGE, under non-reducing conditions, transferred to polyvinyl difluoride 
nitrocellulose membrane.and probed withanii-ApigG,oranantibodyspccif.cfor 
the anti-LRP-Ap molecule. Where one or more domains of the anti-LRP-Ap 
molecule are derived from a 2 M, an anti-a 2 M IgG that rccogni.es the domain 
derived from <x 2 M may be used such as anii-« 2 M IgG raised against the LRP 
binding domain of a,M (for example, Marynen, P.. at a/., .1 , m munol. 727.1782- 
1787 (1981)). If the anti-LRP-Ap/Ap sample may be detected by both the 
antibody against anti-LRP-Ap. and anti-Ap IgG it can be concluded that the anti- 
LRP-Ap molecule can bind Ap. Where the Ap binding domain of the anti-LRP- 
Ap molecule is derived from Ap, the anti-Ap antibody should be tested to ensure 
that it does not recognize the anti-LRP-Ap molecule. Several antibodies against 
AP are available, including 6310. W02. 4G8. G210 and G2I I. Antibody 4G8 

mayrccognizeananti-LRP-APmoleculeforwhichApbindingdomainisderived 
from AP. In addition, some anti-a.M antibodies may not recogni^ an anti-LRP- 
Ap molecule derived from aM, therefore, they should be tested for the ability to 
recognise the peptide prior to performing the immunoblotling, endncytosis, and 
degradation protocols described herein. Marynen el «/., (Marynen, P.. a ai, J. 
Immunol. /27.-1782-1787 (1981)) describe an anti-«,M antibody raised against 
the LRP binding domain that may be able to recognize an anti-LRP-Ap peptide 
having an LRP binding domain derived from « 2 M. Other ami-<x 2 M antibodies are 
available from Sigma and Cortex Biochem (San Leandro, CA, U.S.A.). a 2 M can 
be obtained from Sigma, or purified from human plasma and activated as described 
in Warshawsky, I., etal.J. Clin. Invert. P2.937-944 (1993). Synthetic AP M2 can 
be purchased from Bachcm (Torrance, CA, U.S.A.). 

Gel-filtration chromatography and immunoblotting as described above may 
also be used to determine the ability of anli-LRP-AP to bind LRP, by using labeled 
J>cJub!eJ^(fo^ of LRP)in place of labeled Ap 

forgel-filtrationchromatographyexplr^ 
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AP IgG for immunoblolling experiments. Alternatively, for the immunoblotting 
10 protocol, the anti-LRP-Ap molecule may be labeled with fluorescent or 

radioactive label. For a labeled anti-LRP-AP molecule, it can be concluded that 
the anti-LRP-Ap molecule can bind Ap if the labeled band corresponds to aband 
5 recognized by anti-AP antibody. 

f5 

Hie ability of Ap/anti-LRP-Ap complexes to undergo LRP mediated 
endocytosis and subsequent degradation can be determined using cell culture 
experiments using cells that express LRP as described by Kounnas et al. 
20 (Kounnas, M. Z.. ctal.. Cell S2.33I-340 (1995); Kounnas, M. Z.. ctal.. J. Biol. 

10 Chem. 27(7:9307-9312(1995)). Theamountofradioligandthatisintemalizedor 

degraded by cells has been described previously (Kounnas, M Z., et al. Cell 
25 <52.33I-340 (1995); Kounnas, M. Z., et al., J. Biol. Cham. 270:9307-9312 

(1995)). Cells that express LRP include, but are not limited to, adipocytes, 
astrocytes, fibroblasts, hepatocytes. macrophages, monocytes, and 
15 syncytiotrophoblasts. In one preferred embodiment of the invention, mouse 

30 embryo fibroblasts are used for the cell culture experiment. 

Cells expressing LRP are incubated for 18 hours with ,25 I-AP 
(alternatively, Ap may be labeled with 3 H or IJ C) in the presence or absence of 
35 anli-LRP-Ap, unactivated ct,M, unactivatcd cc : M-2, <x : M activated by medrylamine 

20 or trypsin, or a 2 M-2 activated by methylamine or trypsin; in the presence or 

absence of RAP (400 nM). RAP is an inhibitor of LRP ligand binding, and is 
added to determine if endocytosis is LRP mediated. RAP can be isolated and 
40 purined from a glutathione ^-transferase fusion protein expressed in £ coli as 

described in Warshawsky, I., etal.J. Clin. Invest. £2:937-944 (1 993b). Toassess 
2-5 endocytosis rather than degradation, chloroquine (0. 1 mM) is added at the same 

45 timc as anti-LRP-Ap/ iJ5 I-Ap to inhibit lysosomal degradation of ,M I-Ap. 

The amount of radioactive ligand released by treatment with trypsin- 
EDTA, proteinase K solution defines the surface-bound material, and the amount 
of radioactivity associated with the cell pellet defines the amount or internalized 

!'J?na\^tiy^edci^ 

described, more than 8 fmolcs / 10' cells of act^a^^W'^^shoTuTK 
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internalized after 1 8 hours of incubation (Kounnas, M. Z., et ah, Cell 82:3 3 1 -340 
(1995)). Unactivated. c^M/^I-Ap will serve as the negative control for 
endocytosis, because o 2 M must be activated by trypsin or methylaminc to be 
recognized by LRP. If the amount of anti-LRP-Ap/ 125 I-Ap is greater than 4-8 
fmoJcs/10 4 cells, it can be concluded that anti-LRP-Ap/ 1 25 I-Ap has the ability to 
undergo LRP mediated endocytosis. Unactivated OjM/^I-Ap, and activated 
a,M/ ,25 I-Ap in the presence of RAP should not be internalized, therefore no more 
than 2-4 fmoles/10 4 cells should be internalized (Kimnnas, M. Z., et ah, Cell 
82-33 1-340 (1995)). Internalization ofthc anli-LRP-Ap/ ,3s I-Ap complex will be 
deemed abolished if anii-LRP-Ap/' 2 -<I-Ap, in the presence and absence of RAP, 
and unactivated a 2 W ,2 <I-Ap show the same amount of radioactivity associated 
with the cell pellet. 

To determine the ability of Ap/anti-LRP-AP complexes to undergo 
degradation after endocytosis, this cell culture protocol is repeated without 
chloroquine. The radioactivity appearing in the cell culture medium that is soluble 
in ] 0% trichloroacetic acid is taken to represent degraded 135 I-Ap (Kounnas, M. 
Z., et nl , Cell 82:33 1-340(1 995); Narita, M, et aLl Neurochem. 69: 1 904- 1911 
(1 997)). Total ligand degradation is corrected for the amount of degradation that 
occurs in control wells lacking cells. Because free ,2s i-A[* can he degraded in an 
LRP independent manner, degradation is measured for ami-LRP-Ap and « 2 M 1 
complexes with 125 l-Ap, as well as for free 125 I-Ap, in the presence and absence 
of RAP. Using the same positive and negative controls as above, if RAP docs not 
decrease the amount of TCA soluble radioactivity by at least 30% for the anti- 

LRP-Ap/ I2S l-AP complex, it can be concluded that ,:5 ]-AP ligand of aiiti-LRP-Ap 
is not degraded. 

Another method of testing thcability of anti-LRP-Ap molecule to bind Ap 
and LRP is the yeast three-hybrid system described by Tirade et ah (Tirode, F, 
etal,l Biol Chem. 272.22995-22999(1997)). This method may be used where 
the anti-LRP-Ap molecule is a peptide. In this system, yeast growth only occurs 
J^JheJ^r rccogmzesJ^h^ ,, hook" and the "fish" (Figure 7). In this 
instance, the "hook" is constructed ofthc DNA^dTngfcTXf^ 
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Nat. Genet. 77:264 (1997)), fused to the coding sequence of the LexA DNA 
binding protein in pLcx9-3H, a TRP1 episomal vector (Tirode. F., etal J Biol. 
Chen. 272:22995-22999 (1997)). The "fish" is constructed of the codin e 
sequence fortheSISkDcxtracellulardomainofLRP.feed to the B42 activation 
domain in pVP 16, a LEU2 episomal vector (Tirode, F., e: al., J. Biol. Cham 
272:22995-22999 (1 997)). The "bait" is the DNA coding for anti-LRP-AP in the 
P Lcx9-3H vector, expression of anti-LRP- A p is repressed by methionine. After 
transformation of yeast with these vectors, transcription of the Leu 2 reporter 
gene will occur only when the A0 fused DNA binding domain is brought into 
proximity to the transcriptional activation domain fused to LRP. The Ap/LRP 
binding fusion peptide should promote reporter gene transcription. The 
interact!™, between ami-LRP-Ap and A P and LRP (5 1 5 LD) will be considered 
positive only if reporter gene expression (yeast growth) occurs when A P -LexA 
LRP(5 1 5kD)-B42, and anti-I.RP-Ap are expressed. 

The ami-LRP-Ap molecule of the invention may be administered per se, 
or in the form of a pharmaceutical ly acceptable salt with any non-toxic, organic 
or inorganic acid. Illustrative inorganic acids which form suitable salts include 

hyd r oehloric,hydrobromic,sulmricandphos P horicacid ja nd a cidmetal S al lSS uch 
as sodium monohydrogen orthophospha.e and potassium hydrogen sulfate. 
Illustrative organic acids which form suitable salts include the mono, di and 
tricarboxylic acids. Illustrative of such acids are, for example, acetic, g.ycolic, 

lactic, pyn J vic,malonic.succinic,gIutaric ! fumaric,niaIic,lart a ric,citrie.ascorbic. 
muldc,hvdroxymaleic, benzoic, hydroxybenzoic.phcnylacetic.cinmmic.sali^lic^ 
2-phenoxybenzoic and sulfonic acids such as methane sulfonic acid and 
2-hydroxyethane sulfonic acid. Salts of the earboxy terminal amino acid moiety 
include the non-toxiccarboxylicacid salts formed with any suitable inorganic or 
organic bases. Illustratively, these salts include those of alkali metals, as for 
example, sodium and potassium; alkaline earth metals, such us calcium and 

magnesiumjlightmetalsufGroupIIIAincludingaluminumjandorganicprimary, 
J^^^^^ l ^ x ^ A ^^^ ttialkylamincs, including' 
triethy lamine, procaine, dibcnzylamine; ~Telhen~ami^r " 


WO 00/46246 


-35- 


PCT/lfS00/024I2 


NK-dibenzylcthylenediamine, dihydroabictylamine, N-(lower)aIkylpipcridine, and 
any other suitable amine. 

The amount of the anti-LRP-Ap molecule administered to a subject will 
vary depending upon the age, weight, and condition of the subject. The course of 
treatment may last from several days to several months or until a cure is effected 
or a diminution of disease state is achieved, or alternatively may continue for a 
period of years, for example, when used prophylactically. Optimal dosing 
schedules can be calculated from measurements of drug accumulation in the body. 
Persons of ordinary skill can easily determine optimum dosages, dosing 
methodologies and repetition rates. However, the amount of anti-LRP-Ap 
molecule administered to a subject is generally from 0.1 nanograms to 10 
mg/kg/day, and is typically an amount ranging from 1 nanogram to 1 mg/kg/day. 

The present invention also relates to antisense oligonucleotides targeted 
to A2M-2 RNA, and to their use as therapeutic agents for AD and for suppressing 
A2M- 2 expression. Partial or total deletion of the sequences coding for the bait 
region in exons 1 7 and 1 8 of a 2 M is likely to modify protease binding, interfering 
with a,M activation. Incorporation of one or more mutant monomers into 
tetramcrs might thereby result in defective tetramers that could not be activated 
efficiently and, therefore, could not undergo subsequent endocytosis via I,RP. 
Thus, the generation of very low levels of mutant monomers may have an 
amplified effect as one mutant monomer may potentially inhibit the function of 
three wild-type monomers in the tctramcr (dominant negative effect). One way 
to counter this dominant negative effect is to decrease the level of abnormal o 2 M 
by interfering with gene expression at the RNA level. For this purpose, an 
antisense oligonucleotide specific for A2M-2 RNA can be used. This 
oligonucleotide will be referred to herein zsA2M-2 antisense oligonucleotide. The 
A2M-2 antisense oligonucleotide may be targeted to any A2M-2 RNA molecule, 
but in a preferred embodiment of the invention, it is targeted to heterologous 
nuclear (hnRNA). 


-30 


-Thcv*Ztf-2deJ^ 1 8, therefore, 

in one embodiment of the invention, the A2M-2 antisensVoIigonucleotide is 


WO 00/46246 


-36- 


PCI'/US00/02412 


designed to target A2M-2 RNA transcripts before splicing occurs, referred to as 
hnRNA. In addition, in order to be specific for A2M-2 hnRNA the A2M-2 
anusenseoligonuclcotideisdesigned to target thepemanucleotide deletion found 
» A2M-2. In another embodiment of the invention, the A2M-2 antisense 
ohgonuclcotide is designed to target^ZU-2 m RNA. The^^ deletion results 
in several variant mRNA transcripts with varying sequences. The A2M-2 
anusem* oligonucleotides of the invention can be designed to targe, individual 
vanants, or to target more than one of these variants. In addition, A2M-2 
am ' se "«<>'«e°™cleotidcs target^ 

A2U-2 hnRNA, may be used either alone, or in conjunction with one anoL " 

I"ndd 1 tio„, l he.4.W-2antisenseolig 0 „ U cIeotidemust belong cnouch so 
•hoi it targets only A 2A,2, but short enough to optimise delivery. Thus" the 

ant.senseoligonue.eotideoftheinventionispreferab.yS-SOnucleotidesinlength 
and more preferably 1 5-30 nucleotides in length. Therefore, in one embodiment' 
of the invention, tho^AM antisense oiigonucleotide is 8-50 nucleotides and is 
complementary to the coding strand of the region oU2M-2 containing the site of 
the pentnucleotide deletion. In a preferred embodiment of the invention the 

^^anLsenseoligonucleotideiscomposedoflSOOeontiguousnucleotidesof 
a reg,o„ complementary to the site on the coding strand of A2M-2 .hat contains 

«hcpen,anuclco 1 idedele.ion.In ano ,hercmb 0 din ! entof t heinven.ion..he^.i/-, 
annsense oligonucleotide is composed of the last 8-50 contiguous nucleotides of 

5.KQIDNO:27.Inapreferredembodimentoftheinve„.ion,.h e ^anti.scnse 
ohgonucleotideiscomposedofthelastlWOcontiguousnucleotidesofSEQID 
NO:27. I„ yet another preferred embodiment, the A2M-2 antisense 
ol.gonueleo.ide is composed ofnuclcotides 36-50 of SEQ ID NO:27. In another 
preferred embodiment of the invention, .he A2M-2 an.isense oligonucleotide is 
composed of nucleotides 20-50 of SEQ ID NO:27. 

The A2M-2 antisense oligonucleotide may be DKA or RNA, / c it may 
he composed of deoxyribonucleic acids or ribonucleic acids, respectively 
Alternative^ may be composed of nudeotidcs a 

Phosphorothioate backbone ,o render the oligor^eo^e mor^ TesistanTto--- - 
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enzymatic degradation (van der Kro!, A. R., „ «/., Biotechniqucs tf:958-976 
( 1988 >;Ca«nave 1 C.& & H^^^ 

nucleic acids and protein*: Fundamental and applications, Mol, J. N. M. & van 
der Krol, A. R., eds., M. Dekker, publ.. New York, pp. 1-6 (1991); Milligan J 
KetalUMed. Chen, *H923-1937 (.993)). In a preferred embodiment of ule 
invention the A2M-2 antisense oligonucleotide is DNA. 

Other modifications which may be used to protect the oligonucleotide 
include chemical changes to the 3' end of the oligonucleotide (van der Krol. A. R 
C a!., Biotechniques -5.958-976 (1 988); Khan. I. M. & Coulson, J M 
Acids Res. 2/.-2957-2958(1993); Tang, J. Y., el al. Nucleic Acids Re. 21:2729- 
2735 (1 993)) or biotynylation of the 3' end followed by conjugation with avidin 
(Boado, R. J. & Pardridge, VV. M., Biocanjugate Chem. J. 519-523 (1992)) 
Alternatively, lipofection may be used to deliver the oligonucleotide, /.,., 
packaging the oligonucleotide in lipid (McCarthy. M. M, e, al Endocrin 
m-433-439 (1993b); Ogawa. S., et al., ./ AWc/. 7^,1766-1774 (.994))' 
L.pofec.ion protect, the oligonucleotide from nucleases and may aid in delivery 
to the central nervous system. 

The^iA-Wantisenseoligonuclcotidecar, be easily synthesized by means 

..feomnKrcial.y-avai.ableautomaticDXAsynthesizerssuchasaDNAsx.nthesizer 
manufactured by App.icd Hiosystems, or Mi.liGen, etc. In addition, methods of 
•synthesizing oligonucleotides are well known in the ar, and are described, for 
example, in Oligonucleotides -"d Analogues „ Practical Approach.Hc^in F 
ed.,Oxford University Press, publ. New York, (1991), and "Synthesis and 
Purgation of Oligonucleotides" in: Current Protocols in Molecular Biology 
Ausubel. V. M., e, al, eds., John Wiley & Sons. Inc., publ., Vol. 1, §§ 2 1 1 12 
(Suppl. 9 1993). 

Theinventiona.so re .atcsto P han«ace„tical compositions containingthc 
A2M-2 antisense oligonucleotide, and one or more pharmaceutical* acceptable 
carriers. In addition, the invention provides a method of treating AD and/or of 
_*^sinj_AZK^ exprcssion j L administerine (he ^ am . scn$c 
oligonucleotide toasubject.P r eferabl>r^^}^^ 
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delivered to a subject who has been determined to be heterozygous or 
homozvgousforthe^iM-iallele.Proceduresforselectingandassessingsubjects 

who are heterozygous or homozygous for A2M-2 arc described in Tanzi e, at., 
U.S.SerialNo.09/148,503,PCrAp P UcationNo.PCT/US9 1! /18535,andBlackcr, 

U ct ol Nat. Genet. J?:357-360 (August 1998). In another preferred 
embodiment of the invention, treatment of a subject with the A2M-2 antisense 
oligonucleotide is done in conjunction with a therapy designed to replace or 

supplement a 2 M function. 

Antiscnse oligonucleotides have been safely administered to humans and 
several clinical trials are presently underway. Based on these clinical trials. 
o1igoni.cleo.ides are understood to have toxicities within acceptable limits at 
do.sagcs required for therapeutic efficacy. One such antisense oligonucleotide, 
identified as ISIS 2105, is presently in clinical trials, and is used as a therapeutic 
againstpapillomavim, Another antisense oligonucleotide, 1S.S 2922, has been 
shown to have clinical efficacy against cytomegalovirus-associated relinius 
Antiviral Agents Bulletin 5: 161-163 (1992); BioWorld Today, Dec. 20, 1993. 
Therefore, it has been established that oligonucleotides are useful therapeutic 
agents and that they can be used for treatment of animals, especially humans. 

The amount of the A2M-2 antisense oligonucleotide administered to a 
subject will vary depending upon the age. weight, and condition of the subject. 
The course of treatment may last from several days to several months or until a 
cure is effected or a diminution of disease state is achieved, or alternatively may 
continue for a period of years, forexample, when used prophylactically. Optimal 
dosing schedules can be calculated from measurements of drug accumulation in 
thebc.dy.Personsofordinaryskillcanea.ilydetermineoptimumdosages^osing 
methodologies and repetition rates. Optimum dosages may vary depending on the 
relative potency of individual oligonucleotides, and can generally be estimated 
based on EC 50 's in in vitro and ft. vivo animal studies. In general, dosage is from 
0.01 mg to 100 g and may be given once daily, weekly, monthly or yearly. 

Ann.^r.herap euticmethodoftheinventionisgene therapy to sup plement 


a,M function. Because the A2M-2 deletion may result in impaired « 2 M function, 
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as, ra ,egyain 1 edatsuppl e n le „ti„ g normal« 2 M >S uch aS genc,herap y ,couldserve 
» 38 3 ^ f ° r treati " e ' P reventin g ° r versing AD. One embodiment of the 

.nvent.onisaviralvectorcanyingatransgeneencodingwild.j-pe^M.orananti- 
LRP-APp epl id e .Viralvcc,orssui.abIeforu Scin thcinvcntiona:e,ho Se «h a tare 
f5 CaPable0f,raaSfeCtin 8«ding, P ost-mito,icc e lI S , a „dhav e lo W xyto,oxid 
Those vectors include, but are not limited to adenovirus, lentivirus. and IISV-1 
but are preferably adenn-associated virus vector (AAV). AAV is a D\'A virus 
that is not directly associated with any human disease, and therefore should 
20 P, ' eSen ' 3 ,0WCr nsk 0f cytotoxicity (Frcesc, A. et al., Epilesia JS.-759.766 

10 (1997)). It can transfect nondividing, post-mitotic cells, such as neurons and 

dormant glial cells. In addition, there is some evidence that AAV may stably 
mtcgrate into the host chromosome (Freese, 7.. et al, Mov. Disord 11 -469.48* 
(1996); Kaplitt, M. G. ela l,N atur . Gene. 0,148-154 (1994); Samulski. R. J „ 
oL J. Virol tfJ;3822-3888 (1989); Ko.in, R. M . et al.. Proc. Nail. Acad Sci 
USA. 67:221 1-2215 (1990); Samulski. R. J. « „,., EM. D O. J. 7O.-3941-3950 
(1991); Muzyczka, N., Curr. Topics. Microbiol. Immunol. 158: 97-129 (1999)) 
Recently, AAV vyas successfully used to deliver a reporter transgene to huJan 
hippocampal tissue (Freese, A. et al. , Epiksia 38:759-766 (1997)). 

Transgene* to be used in the viral vector include the full length cDNA 

cncodinga jM (SEQIDNO : ,) > orthean,i.LRl>-APpe P tidede S cribcdaboveThe 
construction of AAV/.cZis described by Kap li„, cl aL and SamuMi g , fl/ 

(Kaphtt, M. G., et al.. Nature Genet. &-148-1 54 (1994); Samulski, R. J c , al 
J. KM-3822-38S80989)). To insert the transgene into the viral vector the 
vualvec,orisfu-s.cu,withrestric,ion C n,ym es .PCRmediatedint e gratio n isused 

tocreatecorr e s P ondm fi restric.ionsites a ,,he3-and5'e„d S of,hetransgene.and 
the transgene is ligated with AAV. 

TheinventionalsoprovidesamethodofcombatingADby administering 
ihe vral vector carrying an « 2 M, or an anti-LRP-A P peptide transgene and 
pharmaceuUcal compositions containing this viral vector. 

Wvastratcgies. Tie /« Ww, approach involvesthe introduction of the viral vector " 
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directly into the tissue of the subject. /„ vivo methods of administration include 
10 direclinjwtionintOMre * ros ^^ 

into the hippocampus. In addition, some viral vectors, such as adenovirus, can be 
transported in a retrograde manner from the point of injection (Ridoux V etal. 
5 Brain Jies. «*17W7S (1994); Kuo, H., et al. Brain Res. 2^,31-38 «99 5) ). 

Other routes of administration include nasal inhalation (Draghia, R., Genu Ther. 
2-418-423 (1995)) and injection into the carotid artery after disruption of the 
blood brain barrier (Doran. S. E, et al, Neurosurgery 56V965-970 (,995); 
Muldoon, L. L.,Am. ./. Pathol. W.1S40-185I (1995)). 

10 F ° r the CX Viv ° a PP roach ' a citable cell type, such as fibroblasts 

myoblasts, or neura! progenitor cells, is harvested from a donor and grow,, i„ 
tissue culture. The cells are then transfected, and ,he cells harvested and 
•mplamcd in the subject. Ex vivo methods arc described, forexample.at Raymon 
H. K.. ,/ „/.. Exper. Neurol. 144:Wl-9\ (1997); Rosenberg, M. B.. ct al. Science 
2442.157S.157S (1988); Suhr, S. T., and Gage, F. K.Arch. Neurol. M1252- 
1268 (1993); Tuszynski, M. H., etal.Exp. Neurol. 126:UU (1 994); Ridoux, V 
e/ a /.,A' e ^ O r/J.-801-804(1994);Buc-Caro.ai.H.,A^ 
(1995); Sabale, 0., et al., Nat. Genet. P.256-260 (1995). 

35 TllC am ° Um ° f Virdl VeCt0r Can > in E a lra "^ administered to a subject 

20 will V a ry c , epend j ne upon (hc aye> ^ ^ ^ ^ 

course of treatment may last from several days t„ several months or until a cure 
is effected or a diminution ofdisea.se state is achieved, or alternatively may 
40 COminUef0raperi ^^^ 

dosmg schedules can be calculated from measurements of drug accumulation in 
mebody.Pe r son S ofordinao^skillcaneasiIyde, eml i„ eopl i mumdosagcS)dosine 
45 methodologies and repetition rates. In general, dosage is from 1 x 10'to I x 10" 

Plaque forming units (pfu), but is preferably 1 x 1 0* to 5 x 1 0' P fu/kg and may be 
given once daily, weekly, monthly or yearly. 

The therapeutic agents of the invention can be administered alone, or in 

~ ~ ^^^^ 

may be treated with both the ami-LRP- A p mo.cculc^nTutTan^se 
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oligonucleotide of the invention, to provide both a supplement of ^taction, 
and to block defective A2M function at the same time. 

Suitable subjects for carrying out the present invention are typically male 
or female human subjects, and include both those which have previously been 
determined to be at risk of developing AD, and those who have been initially 
diagnosed with AD. The present invention may be employed in combating both 
familial Al) (late onset and early onset) as well as sporadic AD. One preferable 
group of subjects are those who have been determined to be heterozygous or 

homo^gousforthe^^allclc.Proccduresforselectingandassessingsubjec.s 
who arc heterozygous or homozygous for^AM are described in Tanzi et al 
U.S. SerialNo. 09/148,503, PCT Application No. PCT/US9S/18535,andBIacker.' 
D„ at al, Nat. Gene. 7P:357-360 (August 1998), all of which are herein' 
incorporated by reference. 

When the therapeutic agents as mentioned above are used as preventive 

ortherapeutieagentsforAlzheimer'sdiseasctheymaybemadeintopreparations 
which satisfy the necessary requirements of the particular administering route 
together with usual carriers. For example, in the case of oral administration, 
preparauonsin the form of tablets, capsules, granules, diluted powder, liquidate, 
are prepared. 

Pharmaceutical compositions containing the therapeutic agents of the 
invention, may be prepared in either solid or liquid form. To prepare the 
Pharmaceutical compositions of this invention, one or more of the therapeutic 
agents is intimately admixed with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques, which carrier may take a 
wide variety of forms depending on the form of preparation desired for 
adminislration,forexample,oralorparenteral. By "pharmaceutically acceptable 

carrier" ismeantanon-toxicsolid.scmisolidorliquidfillcr.dilucnt.cneapsulating 
material, or formulation auxiliary of any type. In preparing the compositions in 
oral dosage form, any of the usual pharmaceutical media may be employed. Thus. 
J^^p^ratmns^such as forc^^^s^s, elixirs and solutions, 
suitable carriers and additives include water. glycolsToils^otolsTlTa^g 
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agents, preservatives, coloringage n tsandtheIik e ;for S oIicl oral preparations such 
10 for cxam P'c. powders, capsules and tablets, suitable carriers and additives 

include starches, sugars, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like. In addition to such pharmaceutical carriers,' 
5 cationic lipids may be included in the formulation to facilitate oligonucleotide' 

uptake. One such composition shown to facilitate uptake is LIPOFECTTN 
(GIBCO-BRL, Bcthcsda, Md.). 

Because of their ease in administration, tablets and capsules represent the 
20 m ° St adviult W oral dosage unit form, in which case solid pharmaceutical 

carriers are employed. If desired, tablets may be sugar coated or enteric coated 
by standard techniques. For parenteral^ injectable compositions, the carrier will 
usually compriscsterilc.pyrogen-free water, or.stcrilc, pyrogen-free physiological 
saline solution, though other ingredients, forcxamplc,forpurpo S e S such as aiding 
solubility or for preservatives, may be included. Parenterally injectable^ 
suspensions (for example, for intravenous or intrathecal injection) may also be 

prepared, in vvhichcasea PP ropriateliq U idcarriers,sus P endingagentsandthe like 
maybeemployed. Seegenerally Renw^on'sPharmaceuticalSciencesOSthcd.) 
Mack Publishing Co. (1990). 

Thcpharmaccuticalcompositionsoflhisinventionmaybc administered in 
a number of ways depending upon whether local or systemic treatment is desired, 
and upon the area to be treated. Administration may be topical (including 
ophthalmic vaginal, rectal, intranasal, transdermal), oral or parenteral, for 
example, by intravenous drip, subcutaneous, intraperitoneal or intramuscular 
injectionorintrathecal orintraventricularadministration. Formulations fortopical 
administration may include transdermal patches, ointments, lotions, creams, gels, 
drops, suppositories, sprays, liquids and powders. Compositions for oral 
administration include powders or granules, suspensions or solutions in water or 
non-a q ue 0 usmcdia,caps U lcs.sachets.ortablets. Thickeners, flavorings, diluents, 
emulsifiers, dispersing aids or binders may be desirable. Compositions for 
^.Hrath^alorm^ 

which may also contain buffers, diluc^Tand other sukabklddiu^sT 
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Fonnulalionsforparcntcraladministrationmay include sterile aqueous solutions 
which may also contain buffers, diluents and other suitable additives. 

Whennecessary, the pharmaceutical composition may be prepared so that 
the therapeutic agent passes through the blood-brain barrier. One way to 
accomplish uansportacrosstheblood-brain barrier is to coupleor conjugate the 
therapeutic agent to a secondary molecule (a "carrier"), which is either a peptide 
or a non-protcinaceous moiety. The carrier is selected such that i. is able to 
penetrate the blood-brain barrier. Examples of suitable carriers are pyridinium 
fa.tyaeid S >osito.,choleste ro l.andglucosedcrivativc, Alternatively, the carrier 
can be a compound which enters the brain through a specific transport system in 
brain endothelial cells, such as transport systems for transferrin, insulin or 
msuhn-hke growth factors I and II. This combination of therapeutic agent and 
canieriscalledaproduig. Upon entering the central nervous svstem, the prodrug 
may remain intact or the chemical linkage between the carrier and therapeutic 
agent may be hydrolyzed, thereby separating the carrier from the therapeutic 
agent. Sec generally U.S. Pat. No. 5,01 7,566 to Bodor. 

An alternative method for transporting the therapeutic agent across the 
blood-brain barrier is to encapsulate the carrier in a lipid vesicle such as a 

m.crocrj-s.alorliposome.Suchlipidvesicle.smaybesingleormulti-lavered.^d 

cncapsulatethetherapeuticagentcitherinthecenterthereoforbetween the layers 
thereof. Such preparations are well known. For example, PCT Application WO 
91/04014 of Collins et al. describes a liposome deliver,- svstcm in which the 

thera P e U ticagentisencap SU I a ,cdwithintheli P osome,andtheou,sidelayerof,h e 
liposome has added to i, molecules that normally are transported across the 
blood-brain barrier. Such liposomes can target endogenous brain , ra „ S p 0rt 
systemstha, transport spe-r.cligands across tlteb.ood-bmin barrier. including but 
not limited to, transferring insulin, and insulin-like growth factors I and H 

Alternatively.antibodiestobraincndothelialcellreceptorsforsuchliBandscanbe 
addedtotheouterlipo S omelaye,U.S.P a ,.N 0 . 4,704,355 to Bernstein describes 
Jn5thod^fp i COTpjing_an^ liposomes. 
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Another method of formulating the therapeutic agent to pas., through the 
blood-brain barrieristoprcpareapharmaceuticalcornpositionas described above 
where.n the therapeutic agent is encapsulated in cyclodextrin. Any suitable 
cyclodextrin which passes through the blood-brain barrier may be employed 
including P-cyclodextrin, y-cyclodextrin, and derivatives thereof. See generally 
U.S. Pat. No. 5,017,566 to Bodor; U.S. Pal. No. 5,002,935 to Bodor; U.S. Pat 
No. 4,983,586 to Bodor. 

Anothcrmcmodofpassingthcthcrapeuticagent through .he blood-brain 
barner is to prepare and administer a pharmaceutica. composition as described 
above, with the composition further including a glycerol derivative as described 
in U.S. Pat. No. 5,153,179 to Eibl. 

Analtcrnativemethodofddiveringthethcntpeuticagenttothcbrainisto 
'mplantapolymericdevicecontainingtheagent, which device is able to provide 
controlled release delivery of the agent lo the brain for an extended period after 
implantation. Examples of such implantable polymeric devices are described in 
U.S. Pat. Xo. 5,601,835 to Sabel, and in U.S. Pat. No. 5,846,565, to Brem. 

Another aspect of the invention relates to methods of screening for 
therapeutic agents for AD that can replace or supplement normal « 2 M function 
and activities, and/or suppress defective a,M function. 

The invention provides for a method of screening for therapeutic agents 
for AD that can suppress the production of RN'A encoding uM-2 variants, and 
thereby Sl!ppress the production of ^ ^.^ ^ rf ^ 

.nventionisamethodforscrceningfortherapeuticagents by incubating cells tltat 
are heterozygous or homozygous for A2M-2, and that express A2M-2. with a test 
agent,and determining whether the agent increases the nuioofnormal to aberrant 
A2M mRNA. Preferably the cells used are heterozygous for the A2M-2 allele 
vviththeotherallelebeing^^ 

used for this assay include, but are not limited to, glioma cells, hepatocytes and 
hepatoma cell lines. In addition, cells used for the assay may be transformed or 
- transfected.to_enable .Ihemjo.grpw indejinUely in cul.ure 1 To screen for these 
agents, the cells carrying are incubated with the test agent, prcfcrab^forTperiod" " 
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rangingfrom2hoursto24houn. The incubation period may be longer orshorter 
depending on the agent, and suitable incuba.ion periods can be determined by one 
of ordinary- skill in the art. Cells homozygous for A2M-1 are used as a control 
Procedures for A2M-2 genotyping arc described in Tanzi et al., U.S. Serial No 
09/148,503, PCT Application No. PCT/US98/I 8535, and Blacker, D.,etal Nat. 
Genet. 7P:357-360 (August 1998). After incubation, the ratio of normal to 
aberrant a >lmRNAtranscriptsisde,ermined, and compared to the ratio for cells 
(wUtthcsamcgenotypeasthecellstrcatedwithagenOuntreatedwithagen, and 
CoiA2mn cells untreated with agent. An increase in the ratio of normal to 
. aberrant «,M mRNA transcripts relative to this ratio for cells untreated with the 
agent would indicate an effective agent. This ratio for A2M-U2 cells untreated 
wit!, an agent is typically from 5:1 to 20: 1 . If the ratio ofnormal to aberrant a,M 
mRNA transcripts approaches the ratio found W A2MA!\ cells untreated with 
agent, the agent will be considered effective. Thus, for example, if the ratio in 
A2M-V2 cells is 10:1. and the ratio in ^A/-l/l cells islOOrl, a test agent that 
results in the ratio to 20: 1 would be considered effective. 

The ratio of normal to aberrant transcripts may be uuantitated by SI 
nuclease analysis, or by RT PGR on RN'A isolated from the glioma cells 
Protocols for RNA isolation for cells in culture, and for SI nuclease analysis is 
described in "Preparation and Analysis of RNA" in: Current Protocols in 
Molecular Biology, Ausubel, F. M. „ <,!,, e ds., John Wiley & Sons, Inc., publ 
Vol. 1. § 4 (Suppl. 37 1997). SI nuclease analysis is performed using a single- 
stranded antisense probe encompassing at least exons 17-18 (bp 2057-2284 of 
SKQ ID NO:l), synthesized from a full length A2M cDNA template (SRQ ID 
NO:l). Preferably, the probe would encompass exons 1 7, 1 8 and part of exon 19. 
The length of the probe is preferably from 250 bp to 500 bp long, and is more 
preferably 300 bp long. Theprobc may be up to 4353 bp (the length of the coding 
region), however, increasing the length of the probe may decrease the accuracy 
of the assay. In a preferred embodiment of the invention, the probe is 
.-wmpjej™^^^^ 

embodiment, the probe is complemema^o^otidcs 2^)57^87o7iiQ7[r ' 
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NO: 1 . After the UNA has been hybridized with the probe, and digested with S 1 

10 "^^'^"^^^^'^l^idegelwithrnolecularweightmarkc^ 

W„d type mRNA transcript (A2M-,) shou.d appear as a band corresponding to 
the length of the probe, for example. 300 bp. A2M-2 variant transcripts should 

aPP ™ ma " Crbands - ^^^NAtototalvariantmRNAiscompared 
and the ratio of normal to aberrant determined. 

Alternatively. RT PGR may be used to quantitate mRNA transcript, 
Protocols for RT PGR are described in The Polymerase Chain Reaction" in- 

& Sons, Inc.. publ.. Vol. 2, } ,5.4 (Supp,. ,7 1992). RNA isolated from the 

.reatcdandcomrolcellsisamplifiedusingRTPCRwithlabclcdprimersdeMgned 
25 10 a -P'"-y a region including a. leas, exons ,7-18 (bp 2057-2284 of SEQ ID 

NO:l), and preferably exons 17. 18 and part of exon 19. In addition, the primers 
may designed to target mRNA by synthesizing them so that they bind to the 

Junct.onoftwoexons.Forexample.inaprcferredpairofprimers.^efirstprimer 
W ° Uld hybridi2e l0 ''^DNA encoding the end of exon 16 and beginning of 
cxonl7 )a „d the second Primer would hybridize to^2A/cDNA encoding the end 

ofcxonl 8 .andbeginningofexon.9.Theprim e r S maybefrom8-50n U cl C otides 
» length, but arepreferably .5-30 nucleotides in length, and arc more preferably 
1 5 nucleotides in length. The PGR product is then rull on „ po.yacrv.amidc gel 
w.,h molecular weight markers. Bands corresponding to wild type mRNA 

transcnptsshouldcorrespondtothelengthof^W-ycDNAcorrespondingtothe 
far endsofthe primers used. For example, wild type mRNA amplified by primer, 

des lg nedtoa„ 1 p.i,y t]lelast 5ba S epair S ofexonl6tothefirst5basepairsofexon 
19 (bp 2052-2289 of SEQ ID NO:.), would be 238 nucleotides. ,f the primers 

dCS,g " ed l ° 0 at the beginning ofexon 1 7. including 

exon 18, and ending after the first 100 nucleotides ofexon 19 (bp 2057-2456 of 

SEQIDNO:l),hcexpectedf ra gme„.len B! hwou.dbe400„ucleotidesfornor m al 
mRNA. VariantmRNAtranscriptsw-illbeshorte, Total normal mRNA to tota. 
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Other methodsofRNA quantitation that may be used in the invention are 
^^m«tea*«nd«d«cribedin^^ 

to Methods and Applications, Innis, A., et al., eds.. Academic Press, Inc., San 
Diego, CA, pub., pp. 60-75 (1 990). 

Anotherembodimentoftheinventionistoscreenfornontoxicagentsthat 
can activate "Mthroughmechanisnisotherthancleavageofthebaitdomain.For 
« ; M tetramcrs having one or more « 2 M-2 monomers, protease activation of the 
bait domain may be impaired. Because activation is required t„ expose the LRP 

binding domai^impainncmofacivationofoneormorcmonomcrsoratetramer 
would result in a decreased ability to bind to LRP . Consequently, these tetramcrs 

wouldbeinefficientatclcaringApthroughLRPmediatcdendocytosis. However 
«,M may be activated through mechanism, other than protease cleavage of the' 
bait domain. For example, agents other than proteases, such as methylamine 
activate a 2 M through the Molester site. These agents would be able to activate' 

defective^Mmonomers.exposingtheLRPbindingdomainfandolherdomains) 
and potentially allowing for LRP mediated clearance of A P . In addition, these 
agents could be used to increase the amount of active wild type a 2 M tetramers 
to compensate for defective c,,M tetramcrs. Presently, effective nontoxic agents 
capable of activating a,M at sites other than the bait domain are unknown. The 
invention provides for a method of screening for such agents. 

To screen for these agents, a ; M is treated with a test agent, and then 
tested to determine whether it has undergone a conformational change, or for its 
ability*, bindtoLRP. The cc : M used for the assay may be wild type aM ,a 2 M. 
2, or a 2 .M mutants that are missing all, or a portion of the baitdomain. However 
preferably, wild type « 3 M is used. In addition, ttj M used for the assav mav be in 
the font, of dimcrs or tetramers. but is preferably in the form oftetramers For 
treatment of O.M with the testagent, the «M is preferably incubated withthetes, 
agent for 2-24 hours. However, the incubation period may be longer or shorter 
Recording to the agent, and suitable incubation periodscan be determined by one 

of ordfiTary-skill-i.r^e-art-J o-detcrnnne-whetherJrmed^.M has undergone a 
^""rtoMl.Aangc.t^ 
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determine the ability of treated a M to bind to LRP, any method of curing 
LRP bmdmg may be used, however, preferred methods include enzyme-linked 

LRP mediated degradation. 

, 5 5 ThC ttjM e,ec *>Ph°retic mobility assay can also be used to determine 

whcthcrtreated^Mhasbeenactivated, by determining whether treated a 2 Mhas 
undergone the conformational change expected for activated aM The a M 
electrophoretic-mobiHtyassay consists of nnalv.ingthcelcctrophore.icmobiHty 
20 ■ ° f ^ Under non - dcna *'-S editions after incubation with the test agent or 

« a control, a protease, or other reagent capable of converting aM to the fast 
form (Barret, A. J., * „/., niockcn. J. W: 401-4. 8 (, 979); Bowe'n, M. E and 
Gettins, P. VV„ J. Biol Chcm . .7i., S2 5- 1S3! (199S)) . a , M can ^ ^ ^ 
fonnseasil y distir.gui S hablebv m ohilitv inec]dectrophoresis(Barrcl A , ^ 
BioCan, J. 181: 40.-4,8 (.979)). The difference i„ mobility is due \o ,hc' 
confonnational change that aM undergoes after activation wit,, a protease or 
other agcIlt . such as methylamine. This conformation,,, change resu.ts in an 
■"crease in e.ectrophorctic mobility on poly-acrylamide gels run under non- 
dena, wi „g conditions (this form is referred to as the "fast form" of « 2 M) (Barret 
A.y.MaLBiochcn,.J. 181: 401-418 (1979): Bowen, M. E„ and Gettins P W ' 
•/ Biol. CW7J:1CS-1MI (.998)). This "s.ow to fa.s," conversion is used as- 
the bas.s for an assay for this conformational change, and the two different aM 
conformations are referred to as the s.ow and fast forms (Bowen. M E and 
Ce.tins.P. Biol. Chem . 2 73:ms^ (.998)). Conversion from thes.ow 
•o fast form for «, M treated with a test agent would indicate that the agent had 
activated aM. Where this assay is used ,o determine the effectiveness of a test 
agent, the « 3 M treated with the agent would preferably be tetrameric. 

The aM electrophorctie mobility assay and methods of purifying a M 
fromserum aredeseribed by Barret C,/. in Barret, A. J.,„«/ >Mem j 
40.-4,8 (,979), and by Bowen e, al. i„ Bowen, M. E., „ Arch . Biockem 

CW ^,,825-183, (.998)7 ^^^^^^^^ 
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10 


15 


sample may be run on polyacrylamide gel under nondenaturing conditions, such 
10 " th ° Se described « Bovvcn, M. E., ctal,Arch Biochem. Biophys. JJ7.191-201 

(1 997). The a 2 M sample may be detected by methods well known in the art such 
as by radiolabelling the protease used, or by Western Blot using anti-ajM 
5 antibodies. Activated and unactivated a 2 M may be used as controls for 

" comparison of electrophoretic mobility with the sample being analyzed. 

In one embodiment of the invention, EL1SA is used to determine the ability 
of treated oc.,M to bind to LRP. ELISA protocols are described in "Immunology" 
20 in: Cl " re » t Protocols in Molecular Biolo®, Ausubel, F. M., ct al. , eds., John 

Wiley & Sons, Inc., publ., Vol. 2, § 1 1.2 (Suppl. 15 1991). In this assay, 
microliter plate wells coaled with an ami-a ; M IgG that recognizes only activated 
ccM, such as the antibody described by Marynen a al. (Marynen, P., et al, J. 
Immunol. 127. 1782- 1786 (198 1)), are incubated with the treated aM, or control 
molecule. The wells arc then incubated with an enzyme-conjugated anti-^M IgG 
and rinsed. Next, the wells arc incubated with ihe substrate for the enzyme 
3° COnj ugate ' rinsed ' ^ of o 2 M sample bound in the well is determined. 

Alternatively, microtiterplatc wellsare coated with anti-LRPIgGand rinsed. The 
wells are then incubated wilh LRP and rinsed. This LRP is preferably soluble 
LRP. Then ihe wells are incubated with B ,M treated with the test agent, untreated 
a,M, or activated «,M. and rinsed. Next the wells are incubated wilh enzyme- 
conjugated anti-a 2 M IgG, rinsed again, and then incubated with the substrate for 
the enzyme that is conjugated to the anti-a.M IgG. The amount of cc 2 M sample 
40 b0Und in the wel1 is ,hen J^rmined. In another embodiment, wcllscoatcd xvith 
LRP are incubated wilh « 5 M treated with the test agent, untreated unactivated 
a,M, or untreated activated o,M, and rinsed. The wells arc then incubated with 
enzyme-conjugated anti-« 2 M IgG, rinsed, and then treated with the enzyme 
substrate, and the amount of cc 3 M sample bound is determined. The ami-a,.M IgG 
may be conjugated with, for example, horseradish peroxidase, urease or alkaline 
phosphatase, but is preferably labeled with a fluorescent label, such as 4- 
jnetJrylumbe^ (MUP). The appropriate substrate is added to the 
weilsTtlte^nslre^vall^ 
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Alternatively, the ability of ot 2 M treated with the test agent to bind to LRP 
may be determined by immunoblotting methods. Unlabeled soluble LRP is 
incubated separately with a,M treated with the test agent, untreated motivated 
ct 2 M, and untreated a 2 M activated by methylamine or trypsin. Samples are then 
electrophoresed on a5%SDS-PAGE, under non-reducing conditions, transferred 
to polyvinyl difluoride nitrocellulose membrane, and probed with anti-a,M IgG 
and anti-LRP IgG. If the a 2 M treated with the test agent may be detected by both 
anti-a 2 M IgG and anti-LRP IgG it can be concluded that the treated a,M can bind 
Ap. In another method of immunoblotting, an antibody specific for the LRP 
binding domain of « 2 M, such as that described by Marynen, el al. , (Marynen, P., 
ctal.J. Immunol 127.- 1782-1786 (1981)), is used as the anti-a,M IgG, and the 
samples are not incubated with LRP. Recognition of the treated aJM by this 
antibody indicates that a 2 M has been activated. 

In addition, the ability of a,M treated with a test agent to bind to LRP can 
be determined by its ability to undergo LRP mediated endocytosis using cell 
culture experiments as described by Kounnas e, al. (Kounnas, M. Z,, el al.. Cell 
52.331-340 (1995); Kounnas, M. Z., e, a!., J. Biol. Chem. 270:9307-9312 
( 1 995)). Cells expressing LRP, mouse embryo fibroblasts, are incubated for 1 8 
hours with ,!? I-AP (alternatively, Ap may be labeled with 'II or M C) in the 
presence orabsenee of with « 2 M treated with the test agent, untreated unaetivated 
« 2 M, and untreated a 2 M activated by methylamine or trypsin, in the presence or 
absence of RAP (400 nM). RAP is an inhibitor of LRP ligand binding, and is 
added to determine if endocytosis is LRP mediated. In addition, chloroquine (0. 1 
mM) is added to inhibit lysosomal degradation of '"I-Ap. 

The amount of radioactive ligand released by treatment with trypsin- 
F.DTA, proteinase K solution defines the surface-bound material, and the amount 
of radioactivity associated with the cell pellet defines the amount of internalized 
Hgand. Activated « : M/'»I-AP willscrvc as positive control. Under the conditions 
described, more than 4-8 fmoles/10 4 cells of activated a,M/'"l-Ap should be 
— inle^ljzejL^ 

(1995)). Unaetivated ^M/'^I-Ap and activated a 2 M/' I n^h^ P 7e^c7o7 ~ 
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RAP should not be internalized, therefore, no more than 2-4 fmoles/10« cells 
should be internalized. If the amount of test agent treated a 2 M/'»I- A p is greater 
than 4-8 fmolcs/10' cells, it can be concluded that a^I-Ap has the ability to 
undergo LRP mediated endocytosis. In addition, unactivated a 2 M/'»i- A p and 

a C Uvated« J M/'»I.APin,hc P rcscnccofRAP S ho U Id„otbeinter„alized,«he re fo rc 
no more than 2-4 fmoles/10' cells should be internalized (Kounnas, M. Z., e, at., 
CW/67.33 1 -340(1 995)). Internalization ofthe treated o^I-Ap complex will' 
be deemed abolished if treated o^I-Ap, in the presence and absence of RAP 
and unactivated «,M/ '«I- A p show the same amount of radioactivity associated 
with the cell pellet. 

To determine the ability of treated a 3 M/Ap complexes to undergo 
degradation after endocytosis, this cell culture protocol is repeated without 

chloroquine. The radioactivity appearing in theccll culture medium that is soluble 
in 1 0% trichloroacetic acid is taken to represent degraded ,JS I-Ap (Kounnas, M. 

^• c '^.^«:331O40(199S):Narita,M,«<y.AWte*.tfP:l904.191l 
(1 997)). Total ligand degradation is corrected for the amount of degradation that 
occurs in control wells lacking cells. Decause free "»|- A p can be degraded in an 

LRPindependentmanner,degradationisrncasurcdlbrtrcateda,M )a nd untreated 
ccM complexes with '»|. A p, as well as for free '»I- A p, in the presence and 
absence of RAP. Using the same positive and negative controls as above, if RAP 
does not decrease the amount ofTCA soluble radioactivity by at least 30% for the 
treated <x 2 M/'"l- A p complex, it can be concluded that l2s I- A p ligand of treated 
a 3 M is not degraded. 

It will be readily apparent to those skilled in the relevant arts that other 
suitable modifications and adaptations to the methods and applications described 
herein arc obvious and may be made without departing from the scope ofthe 
inventionoranyembodimentthcreof. Having nowdescribed the present invention 
in detail, the same will be more clearly understood by reference to the following 
examples, which are includedhercwithforpurposesofillustrationonlyandarenot 
intended Jo^be limiting ofthe invention. 
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Example 1 

In view ofthc link between the inheritance of A2M-2, and the role of «,M 

inbrain.thepotentialeffectsofthe^^dcletionpolymorphismon^^mRNA 
and on the ttj M protein were investigated. These studies were complicated by the 
fact the polymorphism does not directly alter the coding sequence ofo.M, but 
consists of an intronic deletion just before the exon 18 splice acceptor site 
Wz«hi} s ,G.,e la l., Nucleic Acicls Res. /P:5 102 (1991)). Ifexon 18 were to be 
deleted as a result ofthc A2M-2 polymorphism, this deletion would result in the 
loss of half of the active center or "bait" region of « 3 M (specifically, deletion of 
the las. 20 amino acids out ofthc 39 amino acids forming the bait region), with 
likely adverse functional consequences for a 2 M activity. With specific regard to 
AP, the peptide does not directly bind to the bait region. However, recognition 
and cleavage of the bait domain by target proteases is a necessary prerequisite in 
vivo for activation of « 2 M via a conformational change in the a,M tetramer. 
Activation of « 2 M then results in the presentation of the LRP-binding domains 
which isessenlial for binding to LRP (Borth, W„ FASEBJ. d:3345-3353 (1992)). 
Thus, clearance of aM ligands (for example, cytokines, growth factors, A^ 
would be hampered by deletion ofthc bait domain (exon 1 8). 

A specific deletion ofexon 1 8 due to the^f-2delction would also result 
in a frame-shift in the coding region in exon 19, resulting in the synthesis of a 
tnmcucda.Mmonomer. Therefore, one likely consequence ofa modification of 
the bait region is the formation of adefcetive a,M tetramer (insertion of defective 

monomcOwhichcouldnotbeactivatcdandundergosubsequcmendocytosisvia " 
LRP. Experiments with an exon 18 deleted <x 2 M construct expressed in cells 
indicate that a truncated KjM protein a. the bait region can still be secreted and 
form tetramers with itself. In addition, only human glioma cell lines positive for 
the A2M-2 allele produced altered A2M message and corresponding truncated 
« 3 M monomers consistent with a deletion ofexon 18 followed by termination of 
the amino acid sequence in exon 19. 
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Metlwds and Results 

First, the effect of the A2M-2 deletion on RNA splicing and on a,M 
complex formation and secretion were investigated. To study the biological 
effects of the A2M-2 polymorphism in an endogenous system, 15 human 

glioblastomacelllinesexpres S i„ghiBhIevelsofa 2 Mwcrcgcnotyped(Blacker,D., 
el al, Nature Gencics 7P:357-360 (1998)). While the highest levels of a,M 
would be expected from hepatoma cell lines, glioblastomas were chosen because 
of their CNS origin. Ten primary glioblastoma cell lines (all derived from different 
patients) were homozygous for the A2M-1 ( no deletion) allele, while 3 cell lines 
were A2M-U2 he.erozygotes for the deletion. Two cell lines did not qualify for 
either of these alleles and were excluded from further studies. At the molecular 
level, the A2M-2 allele consists of a deletion of 5 bp (ACCAT) in the consensus 
polypyrimidine tract immediately prior to the consensus 3' AO at the splice 
acceptor site of exon 1 8 (Matthijs, G., el «/., Nucleic Acids Res. 1 9:5 1 02 (1991)). 
Given the position of the polymorphism, ahcrrant A2M RNA splicing might be 
expected to lead toadeletion at exon 18 since theconsensus polypyrimidine tract 
would be reduced by 3 pyridines (to a minimal consensus configuration for 
exon splicing). Deletion of exon IN would, in turn, result in termination of the 
protein due to a stop codon in exon 19. Reverse transcription-PCR (RT-PCR) 
was employed in attempts to identify aberrant splice products in the vicinity of 
exon !8ofthctfA/gcne. An expected 399 bp fragment encompassing exons 17, 
lS.and 1 9 was amplified by RT-PCR of RNA isolated from the 13 human glioma 
cell lines. Agarose gcl/cthidium bromide staining was not sensitive enough to 

reveal aberrant.lZV/transcriptsinanyofthecelllincs containing the/12A/-2allele. 
However, using polyacrylamide gels, various ^P-labeled PGR products ranging 
in size between 250-290 bp were detected. These products were found 
exclusively in the A2M-\n cell lines (Figure 1). 

Next, these products were cloned into the vector pCR 2. 1 . Four different 
clones representing aberrant mRNA transcripts have been identified using this 
^approach (Figure 2). Sequencing of these clones revealed aberrant splicing events 


around exon lYleading to thTproductiorTof variably uzccJ-RNAsin which exon- 
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1 7 and/or 19 may also be shortened. Clone 1 has a 208 hp deletion (2126-2334) 
including exon 18 and, interestingly, also 42 and 50 bp of exons 17 and 19. 
respectively. The protein product resulting from such a deletion would still be in 
frame with 69 amino acids missing, including most of the bait region. Clones 2. 
3, and 4 contain unidentified DNA fragments which continue within exon 1 9 to 
bp 2355, 2320, and 2297 respectively. The unknown sequences are most likely 
intronic sequences that arc no, accessible in DNA databases. Therefore, aberrant 
splicing events around exon 18 do no. appear , 0 simplv resul( jn ^ precise 
deleuon of exon 1 8. Rather, they lead to the production of variably sized RNAs 
m which exons 1 7 and/or 1 9 may also be partly deleted. 

Next, experiments designed to detect mutant tonus of o,M protein 
containing large deletions or truncations were performed. Based on the low level 
of aberrant mRNA transcripts, the expected amount of mutant proteins could be 
below detection or not recognized by the antibody used, since the antibody was 
ra.scdag.ins, the holopro.ein. Finally, a truncated or gross,y altered protein may 
be targeted by the quality control system in the ER for degradation prior to 
secretion. These concerns were addressedbyproducingan^.WcDNA construct 
in which a stop codon is inserted in the middle of exon 18 and transfecting this 
construct into Chinese hamster ovary (CHO) cells, which do not produce «,M 
cndogenously. As seen in Figure 3, both media and extracts from the transfectcd 
cells contained truncated and the control full-length aJM protein products. The 
gels shown were run under denaturing but non-rcducing conditions. I Jndcr these 
conditions, monomers of the truncated protein and monomers and dimcrs of the 

h-ll.lengtI 1 pr 0t ei„weredetectedmthecelllysate.Inthemedia.however,ahnost 
all of the truncated protein formed tetramcrs, and dimcrs were barely detectable 
Wild-type tull-length « 2 M was also present in the media mainly in the form of 
letramers and dimers. Besides demonstrating that the antibody used is able to 
recognize the N-terminal half of a 2 M and that a truncated «,M protein can be 
synthesized and secreted by CHO cells, the results of this experiment (FigurcS) 
J»lso provided preliminary data indicating that secreted aM levels mav 
dramatically-decrease-as-aresiilt-of-thetruncation: ' 
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Next, the effects of the A2M-2 polymorphism on secretion and tetramer 
formation of endogenous a,M were examined. For this purpose, endogenous 
secreted a 2 M was analyzed by Western blot analysis. Glioblastoma cells were 
cultured overnight in OptiMem (Gibeo) serum-free media (as bovine serum 
contains high levels of ct.M). and secreted a 2 M was immunoprccipitated with a 
polyclonal o^Mamibody obtained from Sigma. When the immunoprecipitate was 
resolved by SDS PAGE, the expected 1 80 kD monomer was detected in all lines 
tested, however, smaller aberrant forms of « 2 M were detected only in the A2M-2 
positive cells. Figure 4 shows cell lysates from wild-type and A2M-2 deletion- 
bearing cells. The data revealed protem bands consistent with truncated forms of 
«,M exclusively in the A2M-2 deletion-containing cells. The media (data not 
shown) from A2M-, and A2KL2 cells contained primarily full-length a,.M 
monomers, but in the media from the A2M-2 cells small amounts of truncated 
species could also be observed . 

Discussion 

A reduced steady-state level of secreted a,M, or the presence of defective 
tctramers due to dominant negative effects of A2M-2. could result in impaired 
«,M function. Partial or total deletion of Resequences coding for the bait region 
in exons 17 and .8 are likely to modify protease binding, activation, and 

mternalizationofpotcntiallydefectivetetramerscomainingmutantmonome^s). 
Therefore, the generation of very low levels of mutant monomers mav have an 
amplified effect as one mutant monomer may potentially inhibit the function of 
three wild-type monomers in the tetramer (dominant negative effect). Based on 
these and the linkage between the A2M-2 deletion and AD (Blacker, D., el al. 
Nai. Gene, /W57-360 (,998)), a critical role for a,M is indicated \n AD 

neuropathogenesis. Thedatadescribedhereinshowthatthc^^/.idcletionleads 
to deleted/truncated forms of «x 2 M RNA and protein that may have a dominant 
negative effect on normal a,M. 
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Example 2 

To test the A2M-2 antisense oligonucleotides of the invention, and the 
SI nuclease assay, A2M-2 antisense oligonucleotides having the nucleotide 
sequences of nucleotides 35-50, and 20-50 of SEQ ID NO:27 are synthesized 
using an automatic DNA synthesizer (MilKGen). The oligonucleotides 
recovered from 20% aerylamide-urea gel, and purified by means of an ethanol 
precipitating method, and the precipitate is dissolved in water at a 
concentration of 1 „ moI . A2M-2 sense oligonucleotides complementary to 
each of the antisense nucleotides are used as a positive control. Each of the 
antisense or sense oligonucleotides (1 ^mol) is added to . m | cell culture 
medium. Each 1ml sample is then incubated with glioma cells heterozygous for 
the A2M-2 allele, or homozygous for wild type A2MWM-1) at 37 • C for ->4 
hours. The cells are washed with phosphate buffered saline, and homogenized 
m a denaturing solution containing 4 M guanidine thiocyanate. RNA is 
extracted using phenol/chloroform extraction and ullracentrifugation. The 
RNA pellet is then rinsed with 1ml 75% e.hanoI/25% 0.1 M sodium acetate 
and reminded in 100*1 water. RNA from each sample is then probed using 
a 300 bp antisense DNA probe encompassing cx-ons 17 and 18 (nucleotides 
2057-2356 of the full length cDNA for b'M (SEQ ID NO:!)) end labeled with 
>V. The probe is hybrized with 15 /.g RNA from each sample. The RNA is 
then precipitated, washed and ^suspended with SI hybridization solution. Tie 
samples are then denatured for 1 0 minutes at 65 °C, and hybridized overnight at 
30"C. 300US1 nuclease buffer in 150 pi SI nuclease buffer with single- 
stranded calf thymus DNA is then added to each sample and incubated for 60 
minutes at 30"C. The reaction is stopped, the RNA precipitated, washed, and 
rcsuspended, and the samples arc run on a polyacrylamide gel with molecular 
weight markers. Wild type transcripts (A2M-1) should appear as 300 bp bands, 
A2M-2 variant transcripts should appear as smaller bands. Without A2M-2 
antisense oligonucleotide treatment, this ratio is expected to be approximately 
JO^vWldjtypejo^ariant mRNA. Thcratio of wildtype to variant transcripts is 
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determined and compared to ,he ratio found for A2M«RN A from A2M-UI 
cells. 


Example 3 

To screen for therapeutic agents capable of activating «, M through a 
sue other than the bait domain, unactivated tetramerie «,M (Si.ma) (about 
Img/mJ) is i„ cubated wilh 5> 20j 5Q or 100 ^ g of tes( agem ^ Tri ^ ( ^ 

sodnun phospate buffer at 37°C for 2 hours. Untreated activated aM and 
untreated «,M activated with meU.vlamine or trypsin are used „ ^ 
Microliter plates are incubated for 2h at 37° with 50 „| of LRP (10 
^O/vvell, and then rinsed with deionized wat e , The pIatcs are the „ ^ ^ 
blocking buffer and rinsed. 50 ,1 of treated aM, mtM unac(ivated ^ 
or untreated « 2 M activated with methyl or trypsin „ M tQ ^ ^ 
and incubated for 2h at room temperature. After rinsing, 50 w . an,i- e ,M IgG 
conjugated with MUP in blocking buffer is added to the wel.s and incubated for 
-h a, room temperature. After rinsing, MUP substrate is added to the wells 
and incubated for 1 h at room temperature. The amount of «,M bound is ' 
quantised with a spectrouuoromcter with a 365-nm excitation filter and 450 
f*m cmissioi] filter. 


Example 4 

Given the evidence that only a few key interactions are required for 
«>M binding to 1.RP and A P (as discussed above, a small peptide containing 

^ AP tindins d0mains could Promote A P binding, LRP mediated 
endocytosis. and final.y A P degradation. Such a peptide could serve as a 
substitute for «,M-2 if i, is not able to promote A P clearance and degradation 

Protejn-protein interactions arc usually mediated bv a few key 
■pactions (Wells, J. A., Proc. A.,, Acad Sc , USA ^ (]<)%)) ^ 
AP clearance properties of «,M do not require all the domains of an intact 

con,a,»s both the A P and LRP bindin, domains (Hughes. S. ^T7^~~" 
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had. Acad. Sci. U.S.A. 05:3275-3280(1998)). An 1 1 -residue peptide can bind 
A P in v/vc and a 27 residue LRP binding consensus sequence exists (Soto C 
el al.. Mat. Med. 4:822-826 (1998); Nielsen, K. L., etal., J. Biol Chem 
^;:12909,12912( 1 996);Soto,C.,« a /. ) ^ m . Biophy , Res ^ 
W.72-680 (1 996)). A peptide containing an A P and an LRP binding domain 
could bmd A P and target it f or LRP mediated endocy.osis followed by 
lysosomal degradation. To achieve this goal/first, a peptide consisting of an 
1 1 -rcs.duc AP binding peptide and a 27 residue LRP binding domain is 
produced and tested for A P binding and clearance properties. Ifnecessary the 
bmdmg propel of this anti-LRP-Ap peptide can be reoptimized using ,„ 
viv* evolution techniques (Buchholz, P.. ,, „/.. Nal , BlotechmL 7( , 657 . C6 , 
(1998)). 


Methods 


Figure 6 shows the sequence of one possible anti-LRP-Ap peptide 
Using standard solid phase synthesis method, this peptide is synthesized in 
quantities sufficient to carry out tests to determine function in AP clearance 
(Sec "Preparation and Handling of Peptides," in: Current Protocol, in Protein 
Science, Coligan, J. R, a, al., cds. : John Wiley and Sons, Inc.. pub.. Vol 2 
Chapter I8(Suppl. 14 1998)). DNA encoding the fusion peptide is then 
synthesized. The DNA coding forthc 27 residue LRP binding peptide is 
obtained by PCR amplification of codons 1 366 to 1392 of the^A/gene 
(Nielsen, K. L., etal.,.,. Biol. Chem. 277:12909-12912 (1996)). To integrate 
the 1 1 residue AP binding sequence into the LRP binding sequence PCR 
mediated insertion is used. A 55 nucleotide 5' PCR primer is designed that has 
25 nucleotides of homology to the LRP binding sequence and 36 nucleotides 
corresponding ,o the 1 1 residues of the A p binding peptide and a start eodon. 
PCR mediated insertion is also used to insert an Xho I and Kpn I restriction 
enzyme sites at the 5' and 3' ends of the fusion gene, respectively. Cleavage 
jvitruhesc cn^es wilMacilitate cloning of the fusion protein gene into (i) the 
pRAD/His expression vector (iTvitrbgc^^^ 
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of anti-LRP-AP in £ „/,. and (ii) thc pLc x9-3H vector for use in the veast 
three hybrid system (Tirodc, F., et a!., J.Biol. Chem. 272:22995-22999 
(1997)). The protein product, named anti-LRP-Afc of the resulting gene 
should have both Ap and LRP binding properties. 

A/} Binding. The ability of anti-LRP- A p to bind A P is fi rst determined 
by gel-filtration chromatography and immunoblotting. Both of these methods 
have been used successfully by other investigators to investigate A P binding to 
wild type and variant a,M (Narita, M, at at., J. Ncurochen,. <5P:.904-191 1 
(1W7); Du, Y., etal.J. Nourochcm. ^299-305 (1997)). A P l-42 is ioclina.ed 
witli '-'I, following the procedure of Narita et al. (Narita, M et al l 
troche,, 4fP:l904-l91 1 (1997)). -I- A p (5 nmoI) is incubatcd ^ 
with anti-LRP-AP, unactiva.ed aM. unactivatcd aM activated by 

methylene or trypsin, or aM-2 activated by methylamine or trypsin. A ten 
fold molar excess of A P is used and the samples are incubated in 25 mM Tris- 
HC1. 150 mM NaCl, P H 7.4 for two hours at 37»C. Controls containing onlv 
I-AP are also incubated. The anti-LRP-Ap/'^I-AP, oM^i-Afc and «, M - 
2/'"J-Ap complexes are separated from unbound '"I-A P using a Superose 6 
gel-filtration column (0.7 X 20 c m ).„„ der the conlroI o[m FpLC 
2o MM Tris-HC. 150 mM NaCl, pH 7.4 are used to equilibrate the column 
and elute the samples. Using a flowrate of 0.05 ml/minute. 200 ( ,L fractions 
arc collected. Having standardized the column with molecular weight markers 
rangmg from 1000 kD to 4 kD, anti-LRP-Afl/'"!^, ^M/^I-Ap, and ccM- 
2/'"l-A P fractions are counted in a y counter to determine the elution profile 
of -I-AP. If anti-LRP-AP has bound "M-Ap, -i- A p should be detected by 
gamma counter at two peaks, one corresponding to the molecular weight of the 
anti-LRP-Apz-NAp complex (about 8-9 kD for this ami-LRP-Ap peptide), 
and one corresponding to thc molecular weight of '"I-AP (4.5 kD). 

It is unlikely, but possible, that iodinated A P may lead to a false positive 
or negative binding. Therefore, immunoblotting experiments are undertaken to 
confirm the results of the gel-filtration chromatography experiment (Narita M 

e '<^<™«^^^ J 
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<tf:299-305 (1997)). Unlabeled A p is incubated separately with an.i-LRP-AP, 
unactivatcd « 3 M, unactiva.ed a 2 M-2, a 2 M activated by methylamine or trypsin, 
or « 2 M.2 activated by methylamine or trypsin, under the same conditions 
described above. Samples are eleclrophoresed on a 5% SDS-PAGE, under 
non-reducing conditions, and transferred to polyvinyl difluoride nitrocellulose 
membrane (Immobilon-P). These membranes are probed with polyclonal and- 
«,M IgG or monoclonal anti-Ap IgG. Immunoreactive proteins are visualized 
using ECL and peroxidase conjugated anti-rabbit IgG. Molecular mass 
markers arc used to determine if the immunoreactive proteins from the anti- 
« : M and anti-Ap blots for corresponding lanes display the same mobility. If 
the immunoreactive proteins display the same mobility then it will be concluded 
that AP binds anti-LRP-Ap. 

Endocytou*. The ability of anti-LRP-Ap/ A p complexes to undergo 
LRP mediated endocytosis and subsequent degradation is determined in cell 
culture experiments. The amount of radioligand that is internalized or 
degraded by cells has been described previously (Kounnas, M. 2., « al.. Cell 
6-2:331-340 (1995); Kounnas, M.Z.,et al.,J. Biol. Chem. 270:9307-9312 
(1995)). Mouse embryo fibroblasts, which arc cells that express LRP. are 
Plated in 12 well plates to a density of 2 x 10' cells per well, and grown for IS 
hours at 37*C in 5% CO,. Cells are incubated in 1% Nutridoma (Boehringer 
Mannheim), penicillin/streptomycin, 1.5% bovine serum albumin for one hour 
prior to addition of "T-AP in the presence or absence ofanti-LRP-AP 
unactivatcd « jM , unactivated «,M-2, «,M activated by methylamine or trypsin 
or a,M-2 activated by methylamine or trypsin, in the presence or absence of 
RAP (400 „M). To assess an.i-LRP-Ap/'»l-Ap endocytosis by LRP, 
chloroquine (0.1 mM) is added at the same time as umi-LRP-Ap/^l-Ap (4 
nM) to inhibit lysosomal degradation of '"l-Ap (Kounnas. M. Z„ e, «/ Cell 
«:33 1-340 (1995)). 

Following 1 8 hours of incubation with the anti-LRP-Ap/ 1 "J-Ap. cells 
are washed with phosphate-buffered saline and treated with a trypsin-EDTA 
-proteinase-K-solutiom-Surfacc^bound-material-is-dermedastheamount-of- 
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radioactive ligand released by this treatment, and the amount of internalized 
ligand is defined as .he amount of radioactivity which remains associated with 
the cell pellet following the treatment. 

Activated aM '»I- A p will serve as positive control. Under the 
conditions described, more than 4-8 finoles / 1 0< cells of activated ^M/^-Ap 
should be internalized after 1 8 hours of incubation (Kounnas, M. Z., at al Cell 
52:33 .-340 (1095)). Unactivated « : W-r. A p will serve as the negative ' 
control, because « 2 M must be activated by trypsin or methylamine to be 
recognized by LRP. If the amount of ami-LRP. A p/"i. A p is greater than 2-4 
taoles/10^ cells, it can be concluded that anti-LRP. A p,"»I. A p has the ability to 
undergo LRP mediated endocy.osis. Unactivated «^»l. A p, and activated 
«,M/ |:! 1-AP in the presence of RAP should not be internalized, therefore no 
more than 2-4 fmoles/1 0' cells should be internalized (ICounnas, M. Z., e, al 
Cell 52:33 1 -340 (1 995)). Internalization of the ami-LRP- A p/'»i- A p complex 
will be deemed abolished if anti.LRP- A p/'»,. A p, in the presence and absence 
of RAP, and unactivated a 2 W '"l-A P show the same amount of radioactivity 
associated with the cell pellet. 

Dearadation. The experiment above to test endocytosis is repeated 
without chloroquine. The radioactivity appearing in the cell culture medium 
that is soluble in 1 0% trichloroacetic acid is taken to represent degraded 
Ap(Kou Il „a S ,M.Z.,« a /.,Cc//«:331-340(1995);Nari.a,M.. e / fl / J 
Nnrochm. tfP:1904-I91 1 (1997)). Total ligand degradation is corrected for 
the amount of degradation that occurs in control wells lacking cells. Because 
free '»». A p can be degraded in an LRP independent ma.mer. degradation is 
measured for an,i-LRP- A p and a 2 M complexes with '"|-A P as well as for free 
I23 I-AP in the presence and absence of RAP. Using the same positive and 
negative controls as above, if RAP does not decrease the amount of'TCA 
soluble radioactivity by al least 30% for the an,i-LRP-Ap/'»I- A p complex it 
can be concluded that '»I-A P ligand of anti-LRP-AP is not degraded. 

The anti-LRP-Ap peptide may not promote A p binding and degradation 
-becau S eofsteric.constrains.-Ifthe-an,i-LRP-Ap P o.y P e P ,idedoesnot- P ron 1 ote 
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A P bmd.ng and degradation another peptide fa synthesized with a pema-glycme 
lmker between the A P and LRP binding regions to provide the flexibility 
needed to bind both targets simultaneously. This anti-LRP- A p with Iinker is 
tested for A P binding, and LRP mediated endoeytosis and degradation a, 
described above. If this anti-LRP-Ap does not provide for A P and LRP 
Ending, the three hybrid system fa used to .optimize binding, and to screen for 
ant.-LR P-Ap with the ability to bind both Ap and LRP. 

The use of peptides in therapy is associated with two problems 
transport across the blood-brain barrier, and the generation of an immune 
response. These problems can be minimized by shortening the peptide length 
Thus when optimizing the ami-LRP-Ap peptide, shorter binding domains may 
be preferred over io„ Ber domains, where binding capabilities are equally 


effecti 


}cast three hybrid m The yeast three hybrid system is a genetic 
method lo detect ternary protein complex formation (Figure 7) (Tirode F et 
uLJ. Biol. Cham. 27*22995.22999 (1997); Osborne. M.A. et al 
Biotechnology /i:,474-,47 8 (1995); Zhang, J. and Lautar, S. M Biochetn 
^: fiS -72(.996);Lici, ra ,E.J.ar ) dLiu, J .0.,/. w ..V.,,.^. J W US4 ' 
^128.7-12821 (.996)). ,„ thc system, yeast growih only occurs when the 
"baa" recognizes both the "hook" and the "fish" (Figure 7) . ,„ lh , s . 
the "hook" is constructed of the DNA coding f or A p (BaIeS) K . R., etal Not 
Gen,, 77:264 (.997)), tad to the coding seq uence of thcLexA DNA binding 
P*em in P Lex9-3H. a TRPJ episoma. v ector (Tirode. F., et al., J. Bio, ( - hem 
^■22995-22999 (1 997)). Thc "fish" is constructed of „ le coding sequence ' 
for thc 5.5kD exu.cel.ular domain of LRP, fused to the D42 activation domain 
»n PVP 16, a LEU2 episoma. vector (Tirode, F.. e, al., ./ Bio, Chem 
272:22095-22999 (.997)). The "bait" fa the DNA coding for anti-LRP-AP in 
the P Lex9-3II vector, expression of anti-LRP-Ap is repressed by methionine 
These vectors are transformed into the L40 yem strain. Transcription of the 
Leu 2 reporter gene occurs only when the A p fused DNA binding domain is 
-broughtmto-proximityto thetranscriptional activation-domain-fused-to-LRP — 
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The AP/LRP binding fusion peptide should promote reporter gene 
transcription. The interaction between anti-LRP-Ap and A p and LRP (515 
kD) wil] be considered positive only if reporter gene expression (yeast growth) 
occurs when AP-LcxA, LRP(515kD)-B42. and anti-LRP-Ap are expressed. It 
* not likely that expression of AP-LexA will cause activation of the reporter 
transcription since this construct has been used successfully in the past It is 
also unlikely ,ha, LRP(5 15kD)-B42 expression aIonc will cause reporter 
transcription, LRP(515kD) is not known to bind DN'A. The interaction of A P - 
LexA and LRP(51 5kD)-B42 would cause reporter transcription and the A P 
parent protein APP is known , 0 inter2Ct with lrj> Ho wevcr ^ inleraction 
between LRP and APP occurs via the Kunitz protease inhibitory domain far 
removed from the location of A p i„ APP (Kounnas, ,V1. Z . t el Ce „ S2 . m . 
MO (1995)). In addition biochemical evidence suggests that LRP does not 
recognize Ap (Narita, M., at al.,J. Neurochcm. 59:1904-191 1 (1997)). 
Transformation of the AP-LexA and LRP(5,5kD)-B42 containing plasmids 
into EGY4S and monitoring the growth on media lacking leucine is carried out 
to insure that AP-LexA and LRP(515kD)-B42 do no, interact. As positive 
controls the DN'A sequence encoding the entire « 2 M monomer and the 
sequence encoding residues 1202-1451 of a 2 M are cloned separate* into 
pLex9-3II, in place of onti-LRP-AJi. The C-tcminal fragment of a,M contains 
the full length AP and LRP binding domains (residues 1202-1451 of «r 2 M) and 
it, along with the monomer, should give rise to reporter gene transcription. 

If expression of anti-LRP-Ap, AP-LexA, and LRP(515kD)-B42 does 
not activate reporter transcription then each of the binary interactions of ami- 
LRP-AP are tested in a traditional two hybrid screen. That is, concomitant 
expression of anti-LRP-AP-B42 and AP-LexA, as well as anti-I.RP- A p-B-42 
and LRP(515kD)-L C xA, is used to assess the ability of anti-LRP-AP to interact 
with AP-LexA and LRP(515kD)-LexA individually. If anti-LRP-Ap internets 
individually with both targets then one or all of the following is carried out: (i) 
a 5 residue glycine linker is added between the AP binding domain and the LRP 
- binding to allow flexibility betwce n -.he iwo-bi„dm g domai„s r (ii).,he-Ap-LexA— 
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and LRP(515kD)-B42 fusion partners are switched to become LRP(5I5kD> 
LexA and AP-B42, and (iii) the polarity of the anti-LRP-Ap is switched so that 
the LRP binding domain isN-terminal to the AP binding domain. If anti-LRP- 
AP interacts with one or neither of the targets, binding is reoptimized using 
random mutagenesis and selection by three hybrid screen for binding to both 
targeis. The non-binding region of anti-LRP-AP is subjected to protein 
evolution techniques, error prone PCR and DNA shuffling (Buchhoiz, F « «/. 
NC. Bio.cchnol M:657-662 (1»8)), followed by selection of constructs that ' 
bind target proteins. This is repeated until target binding is achieved. 

Modifications of the above-described modes for carrying out the 
invention that are obvious to persons of skill in medicine, genetics, molecular 
biology, biochemistry, pharmacology and/or related fields are intended to be 
within the scope of the following claims. 

All publications and patents mentioned in this specification are 
indicative of the level of skill of those skilled in the an to which this invention 
pe.la.ns. All publications and patents mentioned are herein incorporated by 
reference to the same extent as ifeach individual publication or patent 
application were specifically and individually indicated to be incorporated bv 


reference. 


Although the foregoing invention has been described in some detail by 
way of illustration and example for purposes of clarity of understanding it will 
be obvious that certain changes and modifications can be practiced within the 
scope of the appended claims. 
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What Is Claimed Is: 

1 • A therapeutic agent for combating Alzheimer's disease, wherein 
said agent car, replace or supplement « 2 M function, or suppress expression of 


A2M-2. 


2. An anti-LRP-AP molecule comprising, an Ap binding domain 
and an l.RP binding domain, or a pharmaceutical!* acceptable salt thereof. 

3. The anti-r.RP-Ap molecule of claim 2, wherein said molecule is 
a peptide, or a pharmaceutical^ acceptable salt thereof. 

4. An anti-LRP-AP peptide comprising: 

(a) an Ap binding domain comprising 1 0-50 contiguous 
residues of SKQ ID NO:6; and 

(b) an LRP binding domain comprising 1 0-50 contiguous 
residues of SEQ ID NO*, wherein said .0-50 contiguous residues ofSEQ ID 
NO* encompass residues 1366-1392, or a pharmaceutical!)- acceptable salt 
thereof. 


5. An anti-LRP-AP peptide comprising: 

(a) an Ap binding domain having an amino acid sequence 
selected from the group consisting of SEQ ID NO:6. SEQ ID NO' 1 1 SEQ ID 
NO: , 6, SKQ ID NO: 1 8. SEQ ID NO:20. SEQ ID NO:22, SEQ ,0 NO:24 and 
SK.QIDN'0:26;and 

(b) an LRP binding domain having the amino acid sequence 
of SKQ ID NO:10, or a pharmaceutical Iv acceptable salt thereof. 

6- An anti-LRP-Ap peptide comprising: 

(a) an AP binding domain having an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1 2. SEQ ID NO: 16. SEQ 
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ID NO: . 8. SEQ ID NO:20, SEQ ID NO:22. SEQ >D NO:24, a„ d SEQ ID 

NO:26; and 

(b) an LRP binding domain comprising 10-50 con.iguous 
-dues of SEQ ID NO* or a pharmaceutic^ acccp.ab.e sah .hereof 

7. Th -nti-LRP-APp e p t ideofc!ai m s4. 5 o r<; ,,.,, creinsaidA p 
b.nd,ng domain is connected «o said LRP binding domain by . pe ptidc bond . 

«• The anli-LRP-Ap" pcptide of daim , 4> 5 or fi> ^ ^ 
bmdmg domain is connected to said LRP binding domain by a , inkcr . 

9. The an.i-LRP.Ap pcpIi(le of tlaim ^ ^ ^ ^ 
•elected from the group C0Jlsis(ing of „ ^ „ ^ 

' T " e an,i - LRP " A P P^P'^e of claim 8, wherein said linker 
comprises 1-20 glycine residues. 

LRP AQ ' . A C ° mPriSinS ' P ° ,ynUC,COt idC C " COdi "« «*■ 

LRP-A0 pepude of claims 4, 5, or 6. 

seo !,mi ' LRP " AP PCPtidC C ° mprhine ' P°^P^e having the 

sequence of SEQ ,0 NO: 1 4, or a pharmaceutic.,, acceptable sal, thereof 

13. An anti-LRIMp peptide comprising: 

selected f ^ " ^ bi " di " S d ° mai " *" ami ' n ° 3cid 

-hxted from the group consisting of SEQ ID NO:6, SEQ ID NO - p SE 0 ID 

o f SEQl DN 0:l nd W,LRPbindi,,fid0mainhaVinSthe - in - 
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■ (c) a linker connecting said AP binding domain to said LRP 
binding domain. 


14. A nucleic acid molecule comprising a nuc.cotide encoding the 
anti-LRP-Ap peptide ofclaims 12 or 13. 

15. A nucleic acid molecule encoding an anti-LRP- AP peptide 

comprising: 

(a) a region encoding an A P binding domain, comprising 
jO-150 contiguous nucleotides of SEQ ID NO:5: and 

(b) a region encoding an LRP binding domain comprisin, 
J0-J50 contiguous nucleotides of SEQ ID NO:7. 

16- A nucleic acid molecule encoding an anti-LRP-Ap peptide 

comprising: 

00 a region encoding an A P binding domain having a 
nuc,eo„de sequence selected from the group consisting of SFQ ,» N0 -S SEQ 
ID NO:, 1. SEQ ID NO: I5 , SEQ ID N0 :I7. SEQ ID NO:!,. SEQ ID NO-21 
SEQ ID NO:23. and SEQ ID NO:2S: and 

(b) a region encoding an LRP binding domain having me 
nucleotide sequence of SEQ ID NO:9. 


1 7. A nucleic acid molecule encoding an anti-LRP-A P peptide 

comprising: 

(a) a region encoding an A P binding domain having a 
nudeoi.de sequence selected from the group consisting of SEQ ID NO- 1 1 
SEQ ID NO: 15, SEQ ID NO:17, SEQ ,D NO:19. SEQ ID NO:21, SEQ ,D 
NO:23.andSEQIDNO:25;ind 

(b) a region encoding an LRP binding domain comprising 
contiguous nucleotides of SEQ ID NO:7. 
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IK. The nucleic acid molecule of claims 15, 16, or 17, wherein said 
region encoding said Ap binding domain is connected to said region encoding 
said LRP binding domain by a phosphodicstcr bond. 

1 9. The nucleic acid molecule of claims 1 5 ,16 or 1 7, wherein said 
region encoding said Ap binding domain is connected to said region encoding 
said LRP binding domain by a nucleotide encoding 1-20 glycine residues. 

20. A nucleic acid molecule comprising, a polynucleotide having at 
least 95% homology to the nucleic acid molecule of claims 15, 16, or 17. 

21. A nucleic acid molecule comprising, a first polynucleotide that 
hybridi.es to a second polynucleotide, wherein said second polynucleotide is 
complementary' to the nucleic acid molecule of claims 15, 16, or 17. 

22. The nucleic acid molecule of claim 21, wherein said first 
polynucleotide hybridizes to said second polynucleotide under conditions 
comprising: 

(a) incubating overnight at 42°C in a solution consisting of 
50% formamidc, 5x SSC, 50 mM sodium phosphate (pH 7.6), 5.x Denhard.'s 
solution. 10% dextran sulfate, and a 20 /.g/ml denatured, sheared salmon sperm 
ON A; and 

(b) washing at 65°C in a solution consisting of O.lx SSC. 

23. A nucleic acid molecule comprising a polynucleotide having (he 
nucleotide sequence of SEQ ID NO:13. 

24. A nucleic acid molecule comprising a polynucleotide having at 
least 95% identity to the nucleotide sequence of SEQ ID NO:13. 
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25. A nucleic acid molecule comprising a first polynucleotide thai 
hybridizes to a second polynucleotide, wherein said second polynucleotide is 
complementary to the nucleotide sequence ofSEQ ID NO:13. 

26. The nucleic acid molecule of claim 25, wherein said first 
polynucleotide hybridizes to said second polynucleotide under conditions 
comprising: 

(a) incubating overnight at 42°C in a solution consisting of 
50% formamide. 5x SSC, 50 mM sodium phosphate (pH 7.6), 5x Denhardfs 
solution. 1 0% dcxtran sulfate, and a 20 „g/ m ! denatured, sheared salmon Spcrm 
DNA; and 

(b) washing at 65 "C in a solution consisting of 0. 1 x SSC. 

27. A pharmaceutical composition comprising an anti-LRP-Ap 
molecule, and one or more pharmaceutical ly acceptable carriers. 

28. A pharmaceutical composition comprising the anti-LRP-Ap 
peptide of claims 4, 5. 6, or 1 3. or a pharmaceutical* acceptable sal, thereof, 
and one or more pharmaceutical* acceptable carriers. 

29. A pharmaceutical composition comprising an anti-LRP-Ap 
peptide having an amino acid sequence selected from the group consisting of 
SEQ ID NO:4 or SEQ ID NO: .4, or a pharmaceutical* acceptable salt 
thereof, and one or more pharmaceutical* acceptable carriers. 

30. A method of combating Alzheimer's Disease in a subject 
comprising administering an anti-LRP-Ap molecule. 

31. The method of claim 30. wherein said anti-LRP-Ap molecule is 

a peptide. 
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32. A method of combating Alzheimer's Disease in a subject 
comprising administering the an.i-LRP-Ap peptide of claims 4, 5, 6 or 13, or a 
pharmaceutical ly acceptable salt thereof. 

33. A method of combating Alzheimer's Disease in a subject 
comprising administering an anti-LRP-Ap peptide having an amino acid 
sequence selected from the group consisting of SEQ ID NO:4 and SEQ ID 
NO: 1 4, or a pharmaceutical^ acceptable salt thereof. 

34. An A2M-2 antisense oligonucleotide comprising a nucleotide 
designed to target A2M-2 RNA. 


35. The A2M.2 antisense oligonucleotide of claim 34, wherein said 
RNA is hnRNA. 


36. The A2M-2 antisense oligonucleotide of claim 34, wherein said 
RNA is mRNA. 


37. An A2M-2 antisense oligonucleotide comprising a nucleotide 
having the sequence of SF.Q ID XO:27. 


38. An A2M-2 antisense oligonucleotide comprising a nucleotide 
havmg ,he sequence of the last 15-30 contiguous nucleotides ofSEQ ID 

NO:27. 


39. An A2M-2 antisense oligonucleotide comprising nucleotides 36 
-50ofSEQIDNO:27. 


40. An A2M-2 antisense oligonucleotide comprising nucleotides 20 
-50 of SEQ ID NO:27. 
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41. A pharmaceutical composition comprising the A2M-2 antisense 
ribonucleotide of claims 34, 35. 36, 37, 38. 39 or 40. and one or more 
pharmaceutical^ acceptable carriers. 

42. A method of combating Alzheimer's Disease in a subject 
comprising administering thcA2M-2 antisense oligonucleotide of claims 34 35 
36, 37, 38, 39 or 40. ' ' 


4,. A vector for gene therapy of Alzheimer's Disease, comprising a 
vral vector, wherein said viral vector carries a transgene selected from the 
firoup consisting of a gene encoding a M . and a gene encoding an anti-LRP- 

Ap peptide. 


44. The viral vector of claim 43, wherein said transgene is a gene 

encoding a 2 M 


45. The viral vector of claim 44, wherein said transgene has the 
nudeot.de sequence of nucleotides 44-4465 ofSEQIDNO.l. 

46. The viral vector of claim 43, wherein said , ransgene is a gene 
encoding an anti-LRP-AP peptide, 

47. The viral vector of claim 43, where in said transgene encode, 
the ami-LRP-AB peptide of claims 4, 5, 6. 12 or 13. 

48- The viral vector of claim, 43, 44. 45 or 46, wherein said viral 
vector is an adeno-associated virus. 

49. A pharmaceutical composition comprising the viral vector of 
da.ms 43, 44, 45 or 46, and one or more pharmaceutiea.lv acceptable carriers. 
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50. A method of combating Alzheimer's Disease in a subject by 
administering the viral vector of claims 43, 44, 45 or 46. 

51. A method of screening for a therapeutic agent for Alzheimer's 
Disease comprising the steps of: 

(a) incubating cells in the presence of a test agent, wherein 
said cells are heterozygous or homozygous for the A2M-2 allele, and wherein 
said cells express A2M- 2; and 

00 determining whether the ratio of norma! to aberrant 
^mRNA has increased relative to the ratio of normal to aberrant A2M 
niRNA found in cells untreated with test agent. 

52. The method of claim 51. wherein said cell, are glioma cells. 

53. The method of claim 51, wherein said cells arc hepatoma cells. 


55. The method of claim 51, wherein said cells are homozygous for 
the A2A/-2 allele. 


56. Themethodofc.aim5,whe re insaidste P (b)compri S esS, 
nuc case analysis usinga probe complement to SEQ ID NO:l. wherein said 
probe encompasses nucleotides 2057-2284 of SEQ ID NO:]. 

57. The method of claim 56, wherein said probe is 300 bp long. 

58. Theme,hodofclaim5l,whercinsaidste P (b)comprisesSl 
^EQW^—^ 10 » Ucleolides 2024-2323 of 
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59. The method ofclaim 5 1, wherein said step (b) comprises RT 
PCR analysis. 


60. The method ofclaim 59, wherein said step (b) comprises RT 
PCR analysis using primers designed to amplify a region of A2M encompassing 
exons 17-18. 


61 . The method of claim 60, wherein said region at A 2M 
encompassing exons 1 7-1 8 is 300 bp long. 

62. The method ofclaim 60, wherein said primers are designed to 
amplify nucleotides 2052-2289 of SEQ ID NO:l. 

63. The method ofclaim 60, wherein said primers consist of a first 
primer having a nucleotide sequence complementary to nucleotides 2024-2038 
of SEQ ID \0:1, and a second primer having the nuclcotidc-scquence of 
nucleotides 2309-2323 of SEQ ID NO: 1 . 

64. A method of screening for a therapeutic agent for Alzheimer's 
Disease comprising the steps of: 

(a) incubating ot,M with a test agent; and 

(b) determining whether said « 2 M of step (h) has undergone 
a conformational change; wherein said steps are performed in sequential order. 

65. The method ofclaim 64, wherein said step (b) comprises 
performing an a 2 M electrophorctic mobility assay. 

66. A method of screening for a therapeutic agent for Alzheimer's 
Disease comprising the steps of: 

(a > incubating OjM with a test agent; and 
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(b) determining whether said oc 2 M of step (b) can bind to 
10 LRP; wherein said ste PS are performed in sequential order. 

67. The method of claims 64, 65 or 66, wherein said oJVl is 
letrameric. 


15 


20 


25 10 


45 


50 


68. The method of claim 66, wherein said step (b) comprises 
performing an ELISA. 


«9. The method of claim 68, wherein said ELISA comprises the 

steps of: 

(a) incubating LRP in a well coated with anti-LRP l e G; 

(b) incubating said well with said a 2 M; 

(c) incubating said well with anti-a 2 M IgC, conjugated to an 

enzyme; and 

30 (d) ^baling said well with a substrate for said enzyme- 

where,,, said steps are performed in sequential order. 

7 °- ThC me,h0d ° f dai '» 6S - -herein said ELISA comprises the 
steps of: 


40 enzyme; and 

20 


(a) incubating a well coated with LRP with said o^f: 

(b) incubating said well with anli-« 2 M IgG conjugated to . 


(0 incubating said well with the substrate for .said enzvme- 
wherem said steps are performed in sequential order. ' ' 


71 • The method of claim 68. wherein said ELISA comprises the 

steps of: 

- 

IgC j spcci fic for acti^itcd "£ M~ — 


55 
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enzyme; and 


(b) incubating said well with said a 2 M; 

(c) incubating said well with anti-« 2 M IgG conjugated to an 


. (d) incubating said well with a substrate for said enzyme; 
wherein said steps are performed in sequential order. 

72. The method of claim 66, wherein said step (b) comprises 
immunoblotting. 

73. The method of claim 72, wherein anti-LRP IgCi and ami^M 
IgG arc used to perform said immunoblolling. 

74. The method of claim 66, wherein said step (b) comprises 
determining the ability „f said a : M to undergo LRP mediated endocytosis. 

75. The method of claim 66, wherein said step (b) comprises 
determining the ability of said BjM to undergo LRP mediated degradation. 

76. A nucleic acid molecule comprising a polynucleotide encoding 
the ami-LRP-Ap peptide of claim 10. 

77. A nucleic acid molecule comprising a polynucleotide having a, 
least 95% homology to the nucleic acid molecule of claim 18. 

78. A nucleic acid molecule comprising polynucleotide havinu at 
least 95% homology to the nucleic acid molecule of claim 19. 

79. Anucleicacidmoleculecomprisingafirstpolvnucleotidethat 
hybnd.zes to a second polynucleotide, wherein said second polynucleotide is 
complementary to the nucleic acid molecule of claim 18. 
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80. A nucleic acid molecule comprising a first polynucleotide that 
hybridizes to a second polynucleotide, wherein said second polynucleotide is 
complementary to the nucleic acid molecule of claim 19. 

81. The viral vector of claim 47, wherein said viral vector is an 

adeno-assouated virus. 


V6 


PCT/USOO/02412 



FIG.1 


SUBSTITUTE SHEET (RULE 26) 


WO 00/46246 

PCIYUSOO/02412 


2/6 


WT 


CLONE 1 


E17 5,~ 


E17 


E18 


E19 


2126 A 207bp 2334 

CL0NE2 E19 

2355 

CL0NE3 amBS ^L 

2320 

CL0NE4 E19 

2297 


FIG.2 


SUBSTITUTE SHEET (RULE 26) 


3/6 


PCT/US0O/024I2 



SUBSTITUTE SHEET (RULE 


WO 00/46246 


PCT/US00/02412 


4/6 


+ 1/2 1/1 



SUBSTITUTE SHEET (rule 


5/6 


PCT/US00/02-H2 



FIG.5 


^FPVPID- FIPLKPTVKMLERS NHVSRTEVSSNHV 
ANTI-A? ANTI-LRP 

FIG.6 


SUBSTITUTE SHEET (RULE 26) 


WO 00/46246 

PCT/US00/02412 


6/6 


ABETA/LRP BINDING PEPTIDE 


ABETA 

DNA BINDING 
DOMAIN 


Q"HOOK" 


'BAIT 


OPERATOR 


OPERATOR 


iZZL 


c 


J TRANSACTIVATION 
DOMAIN 


W2_| LR p5 15 


kD DOMAIN 


REPORTER GENE ( 


, PRODUCTIVE ABETA AND 
J LRP BINDING 


REPORTER GENE 


FIG.7 


SUBSTITUTE SHEET (RULE 26) 


WO 00/46246 


-1- 


PCT/USO0/O24I2 


SEQUENCE LISTING 

l> ™ c Ccncrn.1. Hospital Corporation 
-J Fruit Street 
Boston, MA 02114 


<1 2 0> A i p ha:2 -M3 CrogiobuIin Therspies find 

Alzheimer's Disease 

<I30> 0609.446FC03 

<] 4C> 
<1U> 


<160> 27 

<"I70> Par.fintln Vei. 2.0 

<210> 1 
<211> 4577 
<212> ONA 

<213> Hair.o sap J ens 
<220> 

<221> n.ig_r>epLiJe 
<222> f<4| (112) 

<220> 

<22l> CDS 

<222> [44) . . ;^68} 

<220> 

<221> ir.at_peptide 
<222> (113; .. (4460} 

<400> 1 

cctocaarcc atctggtctc cLccayctcc ttcttt-t-^ 

y ttcttt.tgc aac atg ggg asg aac 55 

Met Gly Lys Asn 
-2C 1 
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aaa etc ct, cat cca agt ctg gtt ctt etc etc tto c,c etc ctg cc, 
Lvs _eu Leu H.ls Pro Ser Leu Val Leu Len Leu Leu Val Leu Leu o. 0 
-15 


-10 _ 5 


-c. gac ccc tea gtc tec gga no . ccq cag ta . 

ASP ^ S " ™ S " «y «*- Pro Cln Tyr „.t Val Leu L P ro 

1 5 20 

tec ctg etc =ac act gag acc ac , gag aag gg , t , t gte ctt c 

S.- Uu Leu His Thr Blu Thr Thr Glu Lys CJy ^ ^ ^ J « 

" 20 25 

C«c ctg a ,, oa(J aca gtg acL yta a?r 

Tyr Leu Asn Clu T>i- Val Thr V-, • <s- , , * 9 
30 ' hr Set AIa Ser Lo„ Glu s*r Va: Arg 


4C- 


15 


;;: ays r ctc ttc •« «*= Udg £ac 5ac , ra c , t 

hj 60 
ca= tgu gtc gc.-. ttc ccL ylc cca aag tct tCa tc _ _ 

His r- V ^ Val 11, d> m g<1 ° <? La 

w/., val Ala Phe Aln Va ! Pn Lvs n 

l^s oe. £or Ssr As.n Glu Glu Val 


103 


151 


199 


247 


295 


343 


C5 


70 


75 


fltO Lie c-c act qtc caa ctg aaa qaa c~a - 

^ Ph. Leu Thr Val .In Val L V s CI ^ ^ 393 

f0 LVS Gly rro ln " Giu ?he i.y* i, ys 

33 9() 


z z r atg gtt ^ q aac yac ^ «t 

Arg Thr -1 Me, Val , ys Asn CH: As p Ser Leu Val P he Val «lr. 


gr.c cac - 43^ 


100 105 


m z z r ? ta: aa * ^ ™ u "-' e ' - 

T -P Lv Sc, a. Ty, Lys Fro fi.y Clr. Thl m Lys p he ' 1, 


487 


115 12C 


113 ^ ' ' T,y Cin Thl ^'s Phe Arg Val 

gtc ten ate g dL yaa aac ttt 


Val Ser * „ Ca<= CCC ° t9 3at " g u 9 art cca c 


eta 535 


130 


135 


140 
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Val Tyr He Gin Asp Pro Lys Gly Asn Arg lie Ala Gin Trp Gin Ser 

" 5 150 155 

ttc ca g tta gag „ t ggc ctc aag caa fctfc ^ 

P.,e Gin uu Glu Gly Gly Leu Lys 61n ?hc Scr phe PrQ ^ £ £ 631 


160 165 


170 


W ccc ttc ca g gge tec tac aag gtg gtg g:a aa aaa . 
Clu ro P he Gin Gly Scr Tyr Lys Val Val Val Gln ^ ^ ^ ™ 


180 


18b 


z m r r cac r,ct ttc acc yty gag 9 " tu °« -9 7„ 

: Ar, 1hr Glu His Prc Phfi Thr val „ u Glu phe vs , « " 


200 


2C5 


ttt gaa yta caa gt.a aca acq era a;n u- 

4 ^ aa 3 rnCu alc acu ale tta aaa ~i 

P no giu v.i am v.i , hr v,, Pro Lys Ile Ile rhr no HI - 


210 


an 77"! 
Glu 


21h 


220 


£„' ul T W «' "«= •« »«= «« "9 - t gtc 

Glu t -,t Aaa v.! Ser val cy, G, y , eu r v , Thr Pyr Gly J Pro 


225 


230 


235 


8^1 


Z n'v H C " H ^ ^ ' lga ^ 9- tec 

my .3 v-i ^ v., Ser „. Cys Arg Lys ?yr sar Mb 

^- 250 
qac tg = cac cr,t qaa gat. tea cr.q qcz -tc f», 

* „ ' J g " tc c y r - «ac aaa ttc aat oaa qiq 

*"P CVS His Gly Cl„ Asp Se r Gin Mo P hft Cys Glu Ly „ a . £ '» 

* 60 265 

"I Leu ^ ^ " C ^ C " c " - •« aaa fltc 9G7 

C ; n Leu Aan Ser E I. «l y C y s P.e Tyr Gin cln Vfll Ly5 ^ J ^ " 

2 ' 5 200 28- 

ttc cag cr.c aaq ayy aao gag tat gaa atn aaa ^ 

rt " q L> ' a G1U 21u Ket Ly S Leu Hi. rhr Glu Ala 


290 295 


300 


"9 ate caa gaa gaa gga aca gtg eta aaa ttn 

«. - - «. ni «, 11 j I s ~ - - ~ ■»« 
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305 


310 


315 


agt q*a ate aca ags acc at* acc aaa rtc tea trt- „^ 


325 330 


•« "I! HI T a " =CC «« «■ ™> eta gta «59 

-r 1 Pha Arg ci„ Gly He Pro P he P he Cly Gln Val Arg Leu ^ 


3«0 345 


9" egg aM ggc gtc cat ata cca .at aaa gtc ata Ltc .r. 


1207 


355 360 


aal gaa ccn aac tat tac tec aat act ac- „ , 

Asn Ala A,-; Tvr Tvr - r * I ^ C " " C Ctt 1255 

Tyr lyr .sr rtSr , A:.a Thr Thr Asp G.lu His Gly Lc, 


375 


neo 


s; :r j £ac ™ •«* ~ *«• «• - 1 «, m act ^ 

•no I,o M,n Thr Thx A,r. Val Met Giy Thr Ser Uu ^ 

390 395 
9-t agg gtc aat tac aag gat cat aa" ^ - , 

™ Arg Val Asn Tyr Lvl n ^ ^ ^ 1351 

400 5 rr ° Cys Tyr GIy T ^ G1 " 

405 410 
9tg tea c 2a gaa c „c g aa gay tfufl cnt C£c 

Val Ser (Jlu Glu Ilis „!„ Glu Ala V, Hi- - hr !i I"" ^ ,3 " 

mi u - hr " la T y -eu Val P:i e 

"20 „ 5 


tec cca o„c aag aac tr.t grc cue ctt gag ccc au, tcr rat Ma , 

s pro ^ Lyi ser vai «* - - - - - - o 9 :; :i: 

ccc r.gt „ c cat a „ : caq sca 

- c„ „, u . IB , „. VI1 =1 „ t;ii •« £ « «« 

4 50 


4 55 


460 


99= acc ctg etc ggg ctg aag 

•* Thr - «' - - - - z t ?: z: t:: ,5,j 

470 

475 
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*ca aag gga „ c att gtc cga act gqg act gga cu 
Ala Lys Gly Gly He Val Arg Thr Gly Thr His Gly L CU Lou Val L- 


480 4 8b 


.ys 
4 90 


cag gaa gac at, aag ggc cat ttt tec ate tea ate ect gtg aag tea 
Glr. Glu Asp Mzt Lys Gly His Phe Ser He Ser He Pro Val Lys 3er 
495 500 505 

cac act get cct gtc cct egg ttg etc ate tat get gtt tta cct aec 
Asp II. Ala Pro Val Ala Arg L uu L(!u Ile T yr Ala Val Leu P „ T hr 


SIC 

52S 


51i S2C 


530 535 


54: 


5,|S 550 


cac gec cac ctg eg, gtc ,co gcg got c = -. cag ,cc gtc cgc occ 
^er ,u. Ala His Leu Arg Val Thr Ala Ala Pre S l„ Ser Val C ys Ala 
SC0 5 « 570 

^ T "* °" " C ^ «, aag cct gat cct gag 

Leu Arg Ala Vai Asp Cln Scr Val L= u Lou K,, , yn ?ro A ., ? kla J 

MO bSb 

etc teg g,-g tec teg gtt tac aae ctg eta cca gaa aag gac etc act 
, Set Ala 8., Ser Vai Tyr Asn ^ ^ ^ ^ ^ ^ ^ 

«c ttc cct ggg cet ttg aat gac cag gae gat gaa gac t„e ate aat 
-ly P«. ?ro Sly Pro Lou Asn Asp Gin Asp Asp «„ Asp Cys lie Asn 

615 62C 

cgt eat aat gtc t»t ar.t Mt gga ar.c aea tat act cca gr, tea agt 
Arg Hi, Asn Val ryr lie Asn Gly :i. Thr Iyr Thr PrQ Val $Qr ^ 

625 "0 635 


1591 


1639 


1687 


0- ctg att ggg cat t« cca as , tot CBt JH 0flr 

CIV Asp ,al lie Gly As P Ser Ala L y s Tyr Asp Val Gl u Asn Cys Leu 


g=c acc aag gtg g , t ttfl a?c tr . c agc cc , tca caa t =tc ^ 

535 


3331 


1927 


•97: 
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*z T n z r t at9 tac agc ttc cta ™ w " a aag 

A..n Glu Ly 5 Asp Ke , Tyr Set phe Leu G1 „ Asp ^ c ^ • 

640 645 
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gqc tta aag 2Q71 

6bO 


r r r r tca aaq att c9t aaa c=c ^ ~* « t 21 


6 " 660 665 


caa cag ,at q aa ato cat gga cot ga a gg t «a cot , t . ggt ttt tat 
«n «.n T yr Glu Met Hi . G]y , M Glu cay ^ ^ yfli £ tat 216 7 


6dU 685 


690 


695 


700 


2263 


gag ,ct =a= a=g qi<J a=c cga £aq ^ 

GiU Pro H " Giu ™ ■*» Phe P , 0 L J ;;: ;:: 

710 , 15 ■ 

tqq gat ttg que Q ^ a c - n _ „ . 

^ Asp J • , . ; : r - gq qtg 9cc qag *- n «- *• »» 

„ 0 S " Scr A:a Val Ala Glu Val Gly vaj 

725 730 

T ^ 939 <*» «» t,c toe ct 8 23S = 

- r™ nr lAO TllI 0 „ ?rp Lys Aln uiy ^ ^ « 2-5. 

' 3 - ?<5 
tel. saa gat gc;t gg ^ crL 

*r «. fl sp Ma Cl y Leu ffiy „. ^ £ £ ^ " °- *== »«7 

750 , r , Ald icc Leu Ar a Aia 

7 «" 765 

ttc cag ccc t , c ttt gly gjg 

- GIn P , 0 rhe ,, e vai Glu ^ ,, r ( . ]e - - - - - - 

/7; > 780 


::: r r yc= acg ?tc «° - *~ - - 

u * liLn Fne Thr Leu Lye Ala T>i- v-»i t 

^ Alc T,u va] Le " Asn Tyr J.eu Pro Lys 


790 7S5 


tec a,c egg gCc agt gtg cag ctg gfla ^ ^ 


ccc gec tic ctt get 2bSl 
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Cys He Ary Val Ser Val Gin Leu Glu Ala Ser Pro Ala Phe Leu Ala 
8=0 805 810 

gtc cca gtg gag aag gaa caa gcg cct cac tg( . atc tg( . ^ ^ ggg 
Val Pro Val Glu Lys Glu Gin Ala Pro His Cys He Cys Ala Asn Gly 
Sli 820 025 

egg =aa act gtg tec tgg gca gta acc cca aag tea fcta gg a aat gtg 2647 
Arq Gin Thr Val Ser Trp Ala Val Thr Pro Lys Ser Leu Gly Asn Val 
" 30 8 » 840 

aat ttc act gtg age gca gag gca eta g.g tcr. caa gag ctg -_gt „„ J6S5 
Asn Phe Thr Val Ser Ala Glu Ala Leu Glu Ser Glu Glu Leu Cys Gly 
850 OSS 060 

■« gag gu- cct tea gtt cor car. gga agg aaa gac aca gtt: ate 2743 
Thr ;:i„ v«l Pro sor Val Pro Glu 111, Gly Ary Lys Asp Thr Val He 
K6S 870 875 

aag cc-. et« teg gtt gaa cct gaa gga eta gag aag gaa aca aca tie 270) 
r.VS Pro Lou Leu Val Glu Pro Glu Gly Lec Glu Lys Glu ; hr Thr Phe 
633 80S n90 

oac tec ct. ett tgL cca tea ggt get gag gtt tet gaa gaa tr.a tec PS39 
Asn Ser Leu Leu Cys Pro Ser dy cly Clu Val Ser Glu Glu Leu Ser 
89j 900 cos 

cr.g a », ct, cca cca aat etc gta y ,a gas tet ceo c,- get tet etc ? = B7 
Lou Lys Lou Pro Pro Asn Val Val Glu Glu Ser Ala Arg Ala Ser Val 
510 915 920 925 

tea gtt ttg gga gae at* t'ta gge tet gee atg caa aac aca caa aat 291S 
.or val L,-u Gly A*p He . eu cly Sor Ala Ket Cln Aar. Thr Gin As" 
9.10 g,c 

ett etc eag atg cec tat ggc tgr. gga gag cag aor. atg gtc etc ttt 2933 
Leu Leu Cln Ket Pro Tyr Gly Cys Gly Glu Gin Asn Met Val Leu Phe 
9,5 MC 9S5 

Vet cct aac atc tat gta ctg gat tat eta aat gaa aca cag cag ctt 3031 
Ala Pro A*, lie Tyr Val Leu A sp Tyr ,. eu Asn GJ „ Thr (;Jn ^ ^ 
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965 970 

975 £ Ma Ile Gi -V Tyr Leu A Sn Thr Gly Tyr 

980 935 

cag aga cag tr.g aac tac asa cac tat M * ^ . 

- «. «. ... „ - - r ::; - - 

ggg gag eg « t « 53= aag aac _ 

«y Glu Ar, Tyr „ y Arg Asn Gln J . h C • HI ™ «- ttt 3175 

1 HS " lhr Tr P L «u Thr Ala Ph e 

1015 1020 

9tt ctg aag act t,r , c= caa 

Val leu Lya Thr Ph» Ala fn »- * aLC gst ' "23 

10» Ala C... n Axa ^rg Aia Tyr lie Phc He Asp Glu 

3 " 1035 

flea cac atL ^ coa gcc ^ 

Ms Hi S lie Thr Gn Va Ln-, T. t ™ 9 qac 527 ^ 

T " - ■» ... .,. ^ 

- s - - - « - - - r r ~ m 

1055 " eU ' ,eu Asn As « AJ" He Ly s 

1 -' d0 100.5 

w« g,-o =ca , M 0 « g „ ■ 

° ly M * ™ «■ A SF „. v.l Thr L,, Se ! £ .J < ^ ' »« 

1070 ...... Se " r * r i'e Thr lie Ala 

1080 10E5 . 

ctg g ;g att CCL „ r ac- , 

- _ - n« ::: , u Thr His pro - - ::: - 3„ 

,os >- 1100 

«« ttt tgc ctg g ac tca 

»"» Cy., Leu Glu Sor Ala ™ , ' C " «» gac cat 34 63 

1110 111b 

Hy sir v" J" " 9 « S ««= get ttt gcc ctg 3511 

1120 * * : ^ LC,) Ald Ala ?h . Ala Leu 


1125 1130 
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9ca ggt aac cag g £C aag * gq £ag gan gt a etc aoc tea ctt ao * oao 

ai. «y AS n „„ ftsP Lys , rg Lys C1B val Leu Ly ; ser 12 ;; r ; ; ; 

lljS . 1140 1145 

gaa get gtg a ag aaa gac aac tct gUc cat tag aaa ca~ eet . 
Giu Ala Val Lv« t.»« a- . . . . . " * 9 Cg " CCt ° ag aaa 

i Lys 
1165 


*«M. Val Lys Lys Asp As,, Scr Val „ is Trp Glu ArjJ pr(J J ^ 
1155 1160 


3607 


ccc aaq aca cca gtg cuci c-t- rt-i- ^ 

. „ ... _ ' taC yda CCG "5 ?« ccc tct get 365.S 


1170 


1175 


1180 


9^ gtg gag atg acs tec tat gtg etc ctr -ret t*+ 

Glu Val c;i u Met Th- -p- t , ! C £ ° g gC ° Ca * 3703 

u Met Ih. „. t T yr Val L eu Leu Aia Tyr Leu Thr ^ ^ 

° D im 119:, 


cca gec cca a,c teg gaa gac ct.g acc Lct gca , cc . 

~ u m;: - •» - - - - «■ - - s £ mi 

i,!0 -' 1210 
tog «c a =g aag a, cag', at gr.c caa gec age - tc trr tc~ 

^ - - - - - G ; y si: ;:: :;: - 3799 
Z ;:; :: y s ~ ctc r - - - - «. 0- aca , 8<7 

h -nr , dA rtls ^ eu . ;is 

1230 1 ~> 1 1. "' s -V x Ala /Ca Ttu 


1220 1225 


123 ' ■ 1245 


t-t arc agg act gyg a ag get uca ccg gtq act , 

«. ~ !; , „ ... :j - - ;;; » « 

l4 - 5 1260 


1270 


1275 


:;: s ::; ~ - ? « - - - ~ aC9 aaa , t , 

1280 , Pr ° GlY GIU T * r S « Ly- Val 

128a 1290 


3835 


3943 


3991 
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aca gga gaa gga tgt gcc tsc etc cay acc rr~ 

~£ «. ,. v., w „ „„• - - - » - «; .» 

13v0 1305 
etc cca gaa nag gaa gag ttc 

r ~ u . ,„ iS fK . ,„ Ph „ : u - - « - - «. .« 


1320 132S 


•-.ct caa act tgt gat ga a ccc aaa gcc Rac acc aac 

c„ , hr cys tap Glu ?ro Iiys Ma Kis Thr »" ; - .35 

i - Jj 1340 
eta agt qtc agt taa aca ggq age cac tct , 

- ~ », : .= „, ^ ,i - ~ z s ;;: 

" 1350 1355 

9tt: g« g;g day atg t< . tfir 

- - « «. « v, s „ a , Ih „ „; - - ~ « .» 


1365 


1370 


aaa at<j ctt gaa aga tcf aac ^„ 

- - - ^ - ;:; ; ; ::; z ::: c ? r; - - - 

ir/ r ~ er - hr Val Scr Ser 

• i * /J 1380 


1385 


*» e ;:: :n :;; ;;: ;r r - - - •« «, .« «, . fle „„ 

"■l -cu lie Tyr l.csu /^cn Fi K v_ii r 
1390 r Asn Gln 7hr L ^u Scr 


* * 14 05 


M15 . 1420 

gcc atd gtg aaa czc. t = t oat ; ^ ( - i 

— , «» 

1431) 


14 30 


- z r: - - ~ r r - -« « 

144Q Cyi ° 6r *Y R As P Gly Asn Ala 


4466 


1415 


1450 


gctgaaaagt gctttgctgg agtcctguc trrmc ^ 
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cgtgtttttg t.tctttaaa gact-.g.tg. ata.ac.ctt tttctggtc 


4577 


<210> 2 

<211> ]/)74 

<212> PR T . . 

<213> Homo sapiens 


<40O> 2 

Me ; G,y '** Asn '- y : l - «- *■* - v. Leu , eu , eu Leu 


5 


v.vl Leu Leu Pre Thr Asp Ala Ssr v a : Ser Gly , y . - ... „ 

,„ ui > '-y- P-o oln ?yr Ker. 

25 30 

Val Leu V*| Pro Sftr Leu Uu 

35 ClL ln ' Thr G.u Ly S Gly Cys 

40 4b 

V.3 Leu Leu ser Ty, Leu Asn Gl u T hr V,l T hx V-l W a* . 

50 u Vfll Sfi f Ser Leu 

Glu Ser Val Arg Cly Asn Arg S «r Lou P h- Thr n T 
fi£ , n h " lhr As P T ' eu «»u Ala Glu 

75 

Asn Glu Glu Vol Met Pho Leu Tl>- Val n P » • F 

100 " aA Lys Cly Pro Thr G;r 

301> no 

GiU PhS ! 'V* ^ Arg ?hr Thr Vfl , Me| _ 

l ls KeL /al L >'* Asn Glu Asp Ser Leu 

Val Phc Val Gin Thr Asp Lys Ser He ivr r n 

130 . >r LyS Pro G1 V Cln Thr Val 

35 140 

Lys ?ho Arg Val Val Ser Met Asn ri, r „■ 

145 lk „ M6t ASP GJU * sn Pne "i« Pro Leu A» n Glu 

155 

JD:> 160 
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Gin Trp Gin Ser Phe Gin Leu Glu Gly Gly Leu lys Gin Phe Ser Pre 
Pro Leu Ser s.r Glu Pro Phe Gin Gly Ser Tyr Lys Val Val ^ ^ 

195 2 oo a0S 

Lys Lys Ser Gly 61y Arg Thr fil( , ^ ^ ^ ^ ^ ^ ^ ^ 


21b 


220 


Val L. u Pro Lya Phe Glu Vfll Gir ^ ^ ^ ^ 

^ 25 230 


231> 


240 


lie Leu Glu Gh; Glu Ket As- V- 1 ^ „ , „ 

•c. a & .. \d Ser Val Cys Gly L«u Tyr Thr Tvr 

2 ^ 5 2b0 ,r.r. ' 


ly Lys Pro Val 

ys Arg Lys ?yr 
270 


Pro Gly Hi.. Val Thr Val Ser He c y < 
260 265 

ser asf ser r ^ ^ *** ^ G:n ^ Ph * (:y , cl .. 

LVS Pne Ser Gly Gin Lou * 5 n Ser „ is Gly Cy , phe Tyr ^ ^ 

*" ' 2Q=1 

^ 300 

£ Th " LVS Val Ci " Leu <a» -r yr „■ s , £ Lys uu 

310 3X0 3?0 

Hi- Thr Clu Ala Gin lie Gin Glu Glu Gly T 1r Val v,l n - 

y i,ir VtJ -L vjI c.lu i.eu Th- 

335 " 

«y iU. Cl„ Ser ser G1 U He T „ Arg Thc Ufe ^ ^ ^ 

V4i Lys aep ser His «• «» «* n c Pro Ph8 G)y GlB 

360 365 
V*X *j U » Val Asp Gl y L ys Gly y.l Pt o He Pro , sn Lys „ a| n . 


375 


380 


WO 00/46246 

PCT/US00/02412 

-13- 

Phc lie Arg Gly Asn Glu Ala Asn Tyr Tvr n 

38b 3qo V Ser Asn Ala Thr Thr Asp 

400 

«« H is ely Leu V1 G1 „ ? , e ser Ue ftsn v ^ m ^ 

410 

1U 415 

Thr Ser Lot: Thr Val Arc Val Asn t«- t 

c Asn Tyr- Lya Asp Arg Ser prQ 

20 425 430 

Gly Tyr Gin Trp Val .Ser Glu Glu His Glu 

4^ 10 ° lu Ala Hjs His Thr Ala 

440 445 

Tyr Leu Veil Phn Ser Pro S--r i i~ c- 

<50 !; r 1 Va3 Hi5 L - Glu Pro Met 

" J 460 


Ser His g 1 u Leu Pro 

4 70 


ro Cys c,ly His . Jln Th „ Va1 r . 

4 5^ " Vdl G - n Ala His ?yr 

A ' v <7S 

480 

He Leu Asn Gly Cly Th, - Pn t T 

/ -h_ _eu Leu G.ly Leu Lys I,y S Leu Ser y hc Tyr 

495 

^ ^ 2 A " *" ^ »' - — ly ^ hr Hia GIy 

50i 510 

" U III *** ^ Gly H,s m Ser Ilc tu 

PrC Vai ''i' 5 3ei " Asp Tie Ale Pro Vol 

530 „ c '- a Ar9 Lcn ' Ho Tyr Alo 

535 540 


Val Leu Pru Thr 


- G ly Asp val n, Cly Asp Ser Wa ^ T ^ v ^ 

- 55 560 

«» - C V 3 L e u £ *.,„ iys V aI Asp Leu Scr Pho ser Pro Sftr C1 „ 

565 570 

u 575 

3" «-» „o £ Scr Hj5 Ala , (is Arg ^ wa Ma 

t85 590 
- ».! c y; „. , eu Arg A1< ;;)n ^ ^ 

600 605 
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P» £ *1. Gl u L eu Sor „. ser scr val Tyr ftsn L ^ 

615 620 
^ A SP Leu ?hr Gly pro Gly flsp 

" 0 6 *> 6,0 

65b 


^ *" ^ ^ - Sc. Ph „ . eu oxu A sp 

665 670 

-t Cly u« , /s A1B ?he Thr Asn , -r Lys ije ^ 

CV« Pro Cln r.eu Gin Gin Tyr Giu y e - Hi, r, o 

690 „. ' HlS " ly P "» Clj Arg 

655 700 

- «iy ,y, Glu s; - As? m M(:t Giy firg 01y Hts au A£3 

lj 720 

val Kis vaI clu ? -° His - - ... rhe rro 

730 7.15 

61" ?hr 7.- K He Trp As Leu 

3 - ' ,sn Sei A -a Gly val Al* 
" V . 7 < 5 750 

Glu Vol Glv Va 1 TV-r V** r, 

760 765 


Ala Pi; 


-Cy, teu , er GU, Asp Ala Gly ,„„ Glyjlfi ^ ^ 


770 -. r ' IJR ber Thr Ala 

7 SO 


Ser Leu Arg Ala fhe Cln Pro Pho Phe V ,i G , n , T . 
7fi5 J " 1 G " u hQU Tnr Met Pro Tyr 

yb 300 
He Arg Gly GJu Ala Ph2 Thr * u Lys ^ ThI m 
805 


- Ala Ser Pro 
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825 


820 

R30 


Ala Phe Leu Ala Val Pro Val Glu L y 3 Glu Gin Ala Pr , 


035 


840 


c His Cys He 


845 


Cys Ala As„ Sly Arg GJn Thr V al Ser Trp AU Val Thr Pro Lys Ser 
850 «5 860 

leu Gly Asn Va! Asn Phe Thr val Scr A la Glu Ma L«u G ,„ Ser Gin 

885 890 695 

Asp Thr val no Ly 3 Pro Leu Leu V.i «,„ Pro ci , cly Uu G1 , 

■ u:> 910 

«u Thr Thr P.. A,„ ser U, L ,„ Cys Pro Ser ciy G ,y Glu Val Scr 

920 925 
Glu Glu Leu Scr Lc.i T.ys Leu Pro Pre Afin V, 


930 


Arg Ala Ser Val 


935 


Val Vdl Glu Glu Ser Ala 
940 


/d Ser val Leu Gly Asp n e LciI Gly Ser Alfl ^ 
950 


96 


970 


S75 


Met Val Leu Phe Ala Pro Asn lie -fyr V„l Le- a™ * t 

* /r VdI Le - A *P Tyr Leu Asn Glu 

990 

Thr Gl:i Gin Leu "h- r-,i -i. , 

" F -° " 1J L - V5 £ « ^.s Ala lie G ,y ?yr Leu 

1003 1005 

*-» J* Gi " ^ «» Tyr L ys H i= Tyr Asp Gly Ser 

10111 102C 

Tyr Ser Thr Phe Gly Glu A-n tv*- ri 

025 Aig Gly Asn Thr Trp 


1035 


1040 
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Uu T hr M . Ph Leu Lys Thr fta Ma ^ ftia t ^ ^ 

" 1350 1055 

». no A3P „ Ms His Ile Thr Gln au uu ue t ^ ^ g ^ 

° 10 « 2070 

1080 1005 

ne Lys Giy - «a« vai T „ r ^ scr 


1095 1100 


"« "»r He Ma leu Leu Glu ^ ^ ^ ^ 


:05 .„ r-r fl is Pro Va , 

1120 

31.10 1:35 
G1> ' *Vu 0 ^ ^ ^ - U U Ma tye 

U ' 15 1150 

iitu 1165 

- *n 0: u «,„ M . vai , ya ,, s Asp As „ ser vai H:s Trp Glu 

' J HBO 

Arq Pro Sir, Lys ?I - 0 L 

185 * nlS ?ne T >' r 0lu ^ro Gl:r 

1-95 

1200 


Ala Pro Snr Ala Glu Val Gh; 

1 - f|P T > r Lau Ala Tyr 

1210 ■ , 215 

UU Thr AI * Gi " Tro Ala Pro Thr Sar Giu A „ n . TK 

122c Giu An P Leu Thr Ser Ala Thr 

- -v lLys TrpIlcThr ,, s Gin Gln _ C1 „ 

Scr Ser Thr Gin Asr> Thr Val V-,1 , 

1250 ' ' "J Vfll rtia Leu Hin *1« ^ Ser l. ya Tyr 

125,5 lzfin 
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Gly Ma Ala Thr Phe Thr Arq Thr Glv Lv- ti- m ^, 
or _ g inr G1 > ^V 3 Ala Ala Gin Val Thr He 

1270 127 _ 

1275 1200 

Gin Scr Ser Gly Thr Phe Sor Se- Lys Phe rin v.i a , 

v - ^ Gin Vol Asp Asn Asn Asn 

' 265 1290 12S5 

Aro Leu Leu leu Gin Gin Val Ser Leu Pro Clu L eu Pro Gly Glu Tyr 
1300 it*c 

13 " 5 1310 

Ser val Thr Ciy Giu Gly cys val yyr ^ 


Lys Tyr Asn lie i 9u er0 


1320 


132S 


G1U LyS Clu Giu - D ho Pro Phe Ala Leu Gly 
J '° '"S 13 40 

V.1 «» T,r Ua Pro C,,n T h r c ys , s? Glu Pro Lys ^ „, Thf ^ 


1350 1355 


1360 


J 365 


13/0 


137'j 


A3n Keu Ala i'le V* | Asp v a l Ly5 Ket y 


1380 


1385 


'al Ser Gly Hho lie Pro Leu 
1390 

«*■ Val Ly , Mut Lcu ArQ ser Aan K< ; V41 , h . 

Glu „ v ;; Ser - Sftr Rsn his vui Leu ,ie ^ l.„ „ SP Lys vai Ser Asn 

mi 1120 
Thr uu Scr ,.eu P1)e ^ Thr w ,, R . ; ^ ^ ^ ^ ^ ^ 


-P U U ,,3 „ „ „. val ^ va; ?yr ^ 

«" ». M . CUU T V -r Asn Mo Fro cys Sfir Lys ftsp ^ 


1165 


1470 


Asn Ala 
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<210> 3 

<2U> 750 

<212> DNA 

<213> Homo sapiens 

<220> 

<2?A> CDS 

<222> (1) (750; 

<223> Afi/LR? Bindlng Domai 

<4C0> 3 


^cg qag gac ctg ficc tct 

15 

MO cay aat gcc cag crgc got ttr tec 

?5 

.10 

S=t etc est g~ ctg tcc ra( . ^ 

Ala Leu His l.cu Se , lvs T .. r ' 9 " acc a « «<■ :<< 

, s ' ' ,V Ald Ai = Thr p he Thr Acg Thr 


40 45 


599 *~ eg gt0 act stc cac lnt t , a Q . 0 ,.. , 

-^v ; ^^ 31nVdll , rIleG1 - fl - :::::;::;;:r:;: 1M 

55 SO 
«a ttc caa gr.g gac a*c aac aar . cqc etc ctl cto n 

f.vs Phc GIr. Val Asn a . q 39 ™ g 9tc Lca 240 

? * Sa A " ^ ^ l,ou <u„ Gja val Scr 


70 7£, 

80 


"'J cca gag etc cct ggg q2d tac 

^- Pro GIu Leu P ,„ riv ^ ~ g ° aCd 3 * a gaa W 

Gly .lu . vr Si8r Men Lys Vdl Thr ciy 

100 Leu ?ro nJu Lys 


288 


336 


105 

110 
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caa gag tCc ccc ttt get tfcg 

«- «■ JJ. ■ » Phe .a Leu Gly Vdl cln Thf J « = - - 33, 

llb 120 125 

gat gaa ccc «, gcc csc acc aye ttc cot ate tec eta ♦ 

A* Gl„ P„ Lys „. His Thr S£r phe G1 ., ^ C tc a g , 432 

130 -„ I,eu Ser y ax Ser 

13j 140 


tac aca egg age cgc tct gec tec aae atg gr- a -c off 

Tyr Thr Gly Arq Ser A1 . „ n 9 ° M gU « £t 9*9 aag 

' ir 9 5er Aid Ser Asn t v, n a 7 

U 15t 

30 1 CO 

atg g tc cet cgc ttc att ccc etc aag cca a~, rt, 

«.t Val s.r Gly P he 21 . ,> ro ^ Ly ^ £ £ «* 

W Tn " V » J Lys Met Leu Glu 

zzzzzzzzzzzzzzzz 

IF 5 

CJ 190 

att tac ctl gat nag gtg tea aar 

200 205 
911 ctg caa <; S - gtc cca gr.o aqa oat «- , 

Val Lo„ CI, fisF va , c 0 J., ! C " 9CC ata "9 — 

„ 0 ^ Ar? As " Pro AJa He Val - „ 

2,5 220 

rZ z r r 9et 939 " ; - c - - - ■« 

«-P i>r Tyr G.u Thr Asp Glu ^ P au n 
225 P U - he Alfl Ile Ala Glu Tyr Asn 


•180 


528 


624 


672 


230 235 

240 


9<* cct tgc ag, aM gaL ctt gga aat get 
-Id Pro c: ys s« Lys Asp Leu Gly Aan Aii 


750 

-^u yj ± y rtfln A1& 

245 2b(. 


<210> -1 
<2li> 
<212> PR T 

<213> iiomo sapiens 
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<400> 4 

.Ser ciu A3 ? Leu Thr Se r Ala Thr Asn Ile Val Lys Trp Ue Thr Lys 
5 10 


15 


OX, oin Asn Ala Gl„ Gly Gly P he Se.- Ser Thr Gln Anp Thr m ^ 

20 • 25 30 

Ala Leu His Ms Lc u Ser Lys Tyr Gly Ala AI . Thr phe ?J , r ^ 

" 5 40 45 

«y I*. Ma Ala Gln Val Tl)r Ile CJn ^ s-r G]y 
Sj 60 

^ Phe cm va: ,., P fi!n Asr . Arg Leu Leu Ieu Gin 

Lau Pro Clu l,eu Pro giu ri 

>ro Gly Glu j yr sor Met Lys Val Thr Gly ck cly 

85 93 95 

1J0 

Glu Glu Fho Pro Phe Ala Leu Gly Va i Gln -h r 

7 ^ Gin lhr Hro Gln Thr Cy< 

5 120 125 

A-P Clu Pro U, A: . „ ia Tin SHr ^ Cln £or ^ ^ ^ ^ 

1Jj 140 

::; Thr Giy sor s - «• «•< *» - »u «„ v a i A=P vol Lys 

150 - c - 

— 5 160 

Ker. Val Ser Gly p f ,c lie Tro Leu - ys Pro . Thr v , T 

u _ y5> f ro lhr Lyjj Me( . 

Ar ? «„r His Val , rg ,, r G . u va ^ ^ ^ ^ ^ 
° J85 190 

UC ^ V " 3 S " «" Le u Ser Leu P,e ^ rhr 
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V.1 Le, c:n Asp Val * n Val A rg A sp Lcil Lys Pro ^ ^ ^ ^ 

215 220 
-1 Tyr Asp Tyr Tyr ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


235 


240 

Ala Pxo cys Ser Lys Asp Leu Gly Asn Ala 


245 250 


<210> 5 

<211> 333 

<21?> DNA 

<213> Horr.o sapiens 

<?.?.()> 
<221> C'JS 

(1>..(333! 
<223> Bii,ui: ig Domain 

<<J0O> 5 

tcq cag go;: ctg acc' tct gco acc aac ai« -tc -aa m * 

Ser Glu As,, l^r rh- * , ~v Q 9? dtC a ° 9 Qa 9 48 

1 ■ 'I S " Afln TJ * ^1 ,ys Trp :ie Thr Lys - 

1C 15 

cag cag aar QCC Cd ^ ^ 

Gin Cln A,n AJ , «,„ ^ G ► ^ ^ 9 ^ 96 

; " ° ly P1, ° Ser S « ™r Cln Asp Thr Val V.v 

25 30 

- - z z z :;: ;:: z z r r » - » •« 

y U Gly rtla filfl -hr ?hu Thr Arc Thr 
4C 45 

50 " " Br '•• 1 > "hi r!ie Ser Ser 

55 60 


«* tec caa ,t„ g. ir . Mc Mc daL ccc 

'■ys Phe Gin Val Asu A«„ a * 9 5 Ca9 StC tca 240 

Asp A«n A*„ Asn Ar , L(n , Leu Lfiu 


^ 80 
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2 Z IZ T g T T qan tac agc atg aaa ^ 


90 „ 


tgt gtc t«c etc caq acc trr n-« »- ^ 

«y dec tec ttg a<ta tac n,it att etc cc= „ aa 

cv S v al Ty , Leu Gan Thr sei Leu Lys ^ ne ~ v-. 


333 


100 


105 


11C 


<210> 6 
<211> Hi 
<212> PRT 

<2.13> Homo s = picnr: 
<4O0> 6 

Ser Giu Asp Leu Tr. 


, ' M * Thr «• Val ry, Trp lie Th, Ly , 

Gin ;;in a 


AS " ^ ^ «« «« ^ »» A.p Thr va, v., 

2S 

L - His «. Ser LyR Tyr Sly Aia Ai- Thr ^ 
40 {5 

«x :.v. ah aic c:» v aJ Thr IlB anser CerayThr ^ scr£ei 

55 60 
L H ^ V " A,n As , A , y Uu „ 

- >« Clu rro c iy «. Tyr Ssr Ket LyfiV „ Thr , ;iy 

90 9;, 

Cy» Vol Tyr j. 8U Gin Thr Scr Leu Lys Tyr A , n ., c . „ 

>- 'y ft»n j)c Leu Pro Glu 

11 ' 110 


<2i0> 7 

<211> 417 

<212> DNA 

<213> Homo sapiens 
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<220> 

<223> CDS 

<222> (l; . . (417) 

<223> LRP DincUng Domain 

<4 00> 7 . . 

aag gaa gag ttc c=c ttt get tt. gga gtg eag act etc, cct caa act 

Ly S « u „» rhe ?ro Phe Ala , cu Gly v&1 Glr , Thr J prn in ;« 

15 10 15 

tgt g,t gaa ccc aaa ccc cac acc ago ttc caa ar.c tec eta ag t c- 
Cys Asp Slu Pro LyB Ala His Thr S,r Ph. «= „. fi „ f Lgu s „ ^ 

30 


2C 20 


««t tac ae* «„ . 3C c =c , cs tcs Mc 

S«r Tyr Thr «, y Sftr ,rg Se f a,. So, Asn «... Alfi „. v ,, ^ 

35 


1<4 


-9 atg qtc tct ggc ttc. a,r. ccc c,g aag eca aca gtq aaa atg M 
Ly. K« v.! s.r Civ Tne u. Prc Loi] „ ys Pro Va , J ~ 

j0 5 b 


60 


S»» »aa td -ac ca-_ g,g acc ca , aca gaa gtc aqc ^ ^ ^ 
Cl« Arg Ser Asn HIs Ser Arg Thr Glu ^ ^ ^ ^ ^ ^ 


24 C 


8n 


■I" n" I" U ' a - C, «,,,. ug ttc tt- 2 .« 

- lie iyr Leu , sp Lyfl val set Asn Wr ^ ^ - ^ 


« 5 


9C 


95 


acg c-t cr.q caa yd!: g tc cca t5 

Thr Val Leu Gin A, P Val o ru Va l>!„ ' ^ 536 

P rj Vdl Ar 3 Asp Lys Pro Al* j ; e Vol 


100 


105 


110 


aaa gtc La- ga r. tac tac 

^ Val Tyr Aap Tyr Tyr ^ J J" ™ ^ * tC *** «c 3 B4 

P yr lyr Glo Thr Asp Glu Phe Ala I)« Ala Glu Tyr 


115 


120 


125 


get cct tec age aaa ga; ctt gga aat g C - 
A3n Ala Pro C ys Scr Asp Leu Giy ^ A]fl 


417 
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130 135 


<210> 8 
<211> 139 
<212> PRT 

<213> Homo sapiens 
<400> 8 

Ly- «1» Gl„ ?he P ro Phe „. Lcu cly vai ^ ^ ^ 

5 10 15 

cys a s? Hs P Lys Ala , :s Thr ser pta wn 

2S 30 

^ 01> ' ^ A1S *" AX. Ilo V,, Asp Val 

40 „ 


LyS MBt Val s « G-V Khe He Pro L eu Lv, Pr, Thr v , , 

50 _ u " y " VTa Th * 'ol Ly.i Kfit Leu 

55 60 

Glu Arq Ser A'sn m- ^ 
^ "J S » Ar= Thr n,„ v.i ser Ser A 3r . His Val 

75 80 


«- H. Tyr U« Asp , ys Val ser As„ G : n nt Leu £e , Leu ^ 


- V* ,0,, CX„ Asp v al Pro v., ,r. Asp ,« u ,„ ys Pt0 AId „. VaJ 

103 110 

^ £ ^ G1 " ™' «■ Ala Tie Al* Glu Tyr 

120 125 

A«n AX, Pro Cys Ser Lys Asp Leu (;i y *sn Ala 
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